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FOREWORD, 


This volume consists of reprints of research papers 
published by members of tbo science departments of the 
College. They arc collected from various scientific journals 
and represent original work done alone or in collaboration 
with students and other workers. Some of this work was 
done in laboratories in Europe but the greater portion of it 
was done in the Chemistry laboratories of the College under 
the guidance of Dr. K. 6. Naik. Starting in a modest manner 
with limited facilities after his return with a D. Sc. degree 
from Europe in 1922, Dr. Naik has built up a strong school of 
research, and the output, both in quantity and quality, would 
be a credit to any institution. Many of bis students aS a 
result of the research work they did here, now occupy 
responsible positions in university colleges, technical insti* 
tntes and factories. 

The authors desired that these papers should be collected 
in one volume, for they feel that this record of their work 
may ho regarded as a fitting tribute to His Highness the 
Maharaja Saheb whose constant encouragement of all educa- 
tional effort has alone made such work possible. 

Now that the opening of the Jubilee Science Institute 
gives far greater facilities for scientific work than the College 
has hitherto possessed it will bo the aim of all our science 
men to make the utmost use of the opportunities offered, and 
to ensure that the delicate plant of research will flourish and 
become a vigorous tree. 

Baroda, 30th Deo, 1935. 


S. a BURROW, 

Principal, Baroda College. 





H. E. Sir V. T. Krishnamachari, 
Dewan Saheb. baroda state. 




55Ta4»5€?I45. 

The object io compiling tho Besearch work done in tho^ 
Science Departments was to present to onr Baler His; 
Highness Sir Sayajiiao Oaekwar III, Maharaja of Baroda, a 
small brochure containing the papers which are already, 
published in the recognised Journals of Europe, America and 
India, as a humble tribute on the occasion of His Highness’s 
Diamond Jubilee and the opening of tbe Sayaji Jubilee 
Institute. The papers embodied comprise the research work 
of the members of the staff either by themselves or in 
collaboration with their co-workers or students. 

When the undersigned joined the Baroda State service in 
1918, the Science Departments had scarcely enougb acoomo* 
dations and fittings for adequate full grade teaching. But 
under the sympathetic and fostering care of His Highness’s 
Qovernment, more accomodation and better fittings were soon 
coming forth. The struggles to do research work really 
began in 1922, after the return of the undersigned from 
Europe. Since then quite a number of students took their 
M. So. degree by Besearch. Of these, one got the Moos Medal 
and two got the B. B. Oold Medal, for the best research work 
in chemistry in their respective years. Nine out of the 
nineteen chemistry students who got their M. Sc., went to 
Europe at their own expense, and got their Doctorates, Ph. D. 
or D. So. degrees of London, Paris, Leeds, Berlin, and have 
done work which has been well spoken of by the leading 
chemists in Europe and America. Four of these young men 
are in the Baroda State service and are actively engaged in 
research. The other five are in the staff of other Colleges and 
the University of Bombay. The research work done by the 
staff of the Physics Department deals with problems in 
difficult subjects like, spectroscopy, ultra-short waves and 
atomic physics, for which degrees of M.So. and Ph. D. 
(London) have been conferred. Unfortunately 4he Head of 
the Department of Biology is ill and is in hospital. The 



undersigned regrets that in his absence it was not possible to 
get the research work done in the Department by his 
oolleagnes and stndents, incorporated in the volnme- 
researches £or which the degrees of M.Bc. and D.Hc. 
(France) have been conferred. 

Ilis Highness the Maharaja Baheb and the (rOTernment, 
appreciating the efforts so far made by the Science Depart- 
ments to make the best of the available resources decided to 
give increased facilities in all directions to carry forward 
their work. The fostering care of llis Highness and the 
abiding sympathy and keenness of H. E. the Dewan Saheb, 
Sir V. T. Krishnamachari, Kt., were mainly instrumental in 
bringing into existence the Bayaji Jubilee Institute. Several 
well-to-do and loading citizens offered, to II. E. the Dewan 
Saheb, large donations as contributions towards the memory 
of our Beloved Petron and Ruler, with the result that a 
technological wing for Industrial Research is also 
attached to the Institute. The undersigned and all his 
colleagues look forward with mingled feelings of anxiety 
and pride to fulfil adequately the extended trust so placed 
in them. Their only prayer is that the kindness and 
sympathy which they have so far enjoyed, may be ever 
continued iu future. It is these that will strengthen them 
in their future increased efforts. 


K. a NAIK. 
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I. Tht Formation and PropertUa of Dilhiokttonea 
(B 2 C:S:S) and Ditkio-ethera (B. 2 SS). PaH I 

By Evvebji Qosai Naik. 

Tbe formation of ** mustard cas ’* (/Sj8’-dichlorodiethyl 
sulphide) by the sulphur chloride process may be represented 
by. the scBeme : 

(CH,C1.CH,),S;S 

(I.) 

(CH,C1.CH0»S + 8. 
(ID 

Certain difiEionlties wore initially encountered owing to the 
condition in which the second sulphur atom occurred in the 
product. If the reaction between sulphur monochloride and 
ethylene is carried out under the right conditions the second 
atom of sulphur is deposited in the elemental form, but 
under other conditions it remains either in solution in or in 
combination with the sulphide (II). Tbe question whether 
the compound (I) is stable under ordinary atmospheric con* 
ditions is a vital one, because the vapour tension of *‘mnatard 
gas ” is already so low as to place it on the line limiting tho 
usefulness in war of toxic substances which rely for their 
effect on the amount of vapour introduced into the air under 
normal conditions of temperature and pressure. If tbe 
second sulphur atom remained in chemical combination, as 
in formula I, the vapour tension of the compound would be 
lower than that of “ mustard gas,” and its utility as a toxic 
agent would thereby be diminished, if not entirely destroyed. 

The late Lieut.*Col. Harrison showed that the prodnet 
containing the two sulphur atoms vaporised^ completely at 
the ordinary temperature, leaving only a residue 0 ^ sulphur, 
and that the vaponr evolved at different periods of the 
evaporation had the same order of toxicity as '* mustard gas.” 


20H,:CH, + Cl* 8:8 : 



[ 2 ] 


There is thas no donbt that the second snlphnr atom in 
the product of the action of snlphnr monochloride on 
ethylene behaves as if it were in solution in. and not in 
chemical combination with, the sulphide, and the objects of 
the present series of investigations are to show to what 
degree the instability of the dithio-grouping is affected by 
the molecnlar condition of the remainder of the molecnle 
and to compare the relative stability exhibited by correspond* 
ing dithio -ketones of the general formula RitC:S:S, 

The first compound of the dithio-kotone series (III) was 
prepared by the action of sulphur monochloride on malon* 
anilide in accordance with the equation : 

(NHPh.CO).,CHa +C1,S:S s (NHPh.CO),C:S:S+2HCl. 

(III.) 

The formula given to it above is proved by the following 
considerations : 

(1) It is a dithio-ketone, that is, it is formed from one 
molecnle of the anilide and one molecule of sulphur mono* 
chloride with the elimination of two hydrogen atoms as 
hydrogen chloride. 

(2) The two hydrogen atoms are not supplied by the 
phenyl groups, because a dithio-ketone (IV) is produced 
from malondi-methylamide by a similar reaction : 

(NHMe.CO),CH,+Cl,S;S = (NHMe.CO),C:S:S+3HCl 

(IV.) 

also 

(CH,Ph.Nri.CO),CH, -bCUStS s(CH,Ph.NH.CO),C:S:S + 2HC1 

(V.) 

.(3) The two hydrogen atoms eliminated are not those 
which were originally attached to the two nitrogen atoms, 
because when snlphnr monochloride reacts with methyl- 
malonanilide (VI)— which, it will be noted, cannot form a 
dithio-ketone on the methine carbon atom, but can readily 
do so if I he two hydrogen atoms attached to nitrogen are 
those affected— there is formed a disulphide (VII) in accord* 
ance with the equation: 
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2CHMe(Co>NHPh), 

(VI.) 


Cl, 8:8 g a nMe(OO.NHPh), 

^ '*’“<CMe(CO.NHPh),* 

(VII.) 


Similar difiQlphidea are prodaeed when tertiary alkylated 


amides are employed. Thus the disulphide (VIII) is pro- 


duced from malondimethylanilido: 


2CH,(CO.NMoPh), 


a aCTI(CO.NMePh), 
“‘“"^CHCCO-NMePh),’ 
(VIII.) 


It should be added that those disulphides, unlike the dithio- 
derivative of “ mustard gas ” to which they are apparently 
related in composition, arc stable substances. They are at 
present under investigation. 


(4) The dithio-ketones behave on hydrolysis in a manner 
which is in accordance with that which might be expected 
from the proposed formula. Thus, dithiomesoxanilido (III), 
on hydrolysis with alkali hydroxide yields aniline and the 
alkali salt of a dithioaoid which probably has the structure 
IX, because it yields hydrogen sulphide by treatment with 
mineral acids: 


KOI! 

S:S:C(CO.NHPh), PhNH,+S:S:C(CO,K),. 

(IIL) (IX). 

(5) When dithiomesoxanilido (III) is treated with bro- 
mine, sulphur bromide is produced, together with the 
compound (X), which is identical with that formed by the 
action of bromine on malonanilide (Backes, West, and 
Whiteley, J. C. S., 1921, 119 , 37H). It is evident therefore 
that the reaction takes place thus: 

S:8:C(CO.NHPh)2+3Br2.>SBr.SBr:C(CO.NH.C,H4Br)2+2HBr. 

.>S2Br2-hOHBr(CO.NH.C.II*Br)2. 

(X.) 

(6) On reduction with an alkaline sohition of sodium 
hydrosulphide dithiomosoxanilide is transformed ftito malon- 
aniiide and hydrogen sulphide: 
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S;S:C(C0.NHPh)2 + 6 H « 2 H 28 + CH2(C0.NHPh)2. 


(7) The action of anlphar monochloride on diphenylbar* 
bitnric acid also yields a dithio-ketone (XI): 


.00.NPh.pf. Cl2R:8 
CH2<co.}jph>CO > 


(XI.) 


It is clear, therefore, that the formulae assigned to the dithio- 
ketones are correct. It may be added that their stability is 
such that the action of fuming nitric acid on, for example, 
dithiomesoxanilide leads to the formation of a tdtranitro- 
componnd (XII) and leaves the dithio-gronp intact: 


S;S:C(C0.NHPh)2 


> S:S:C(C0.NH.CaH,[N0al2)2 

(XIL) 


Already, therefore, compounds of both dithio>ketone and 
dithio-ether types have been (soiated which exhibit a degree 
of stability altogether different from that of the bypothotioal 
dithiO'derivative formed in the mustard gas ” reaction. It 
is perhaps too soon to draw any definite conclusion, but the 
difference is so great that one is forced to consider whether 
in these reactions sulphur monochloride may not react in 
two forms, namely, SCl.SCl and Gl 28 :S. This question has 
led to much controversy, and the general opinion at the 
present time is that the second formula is the correct one. 
Indeed, it would be difficult to explain the formation of 
^ mustard gas ” on any other assumption. Still, if it can be 
assumed that the reagen| can react in either form according 
to the conditions of the experiment and that in the experi- 
ments described in the present paper it reacts in the form of 
SCl.SOl, the dithio-ketones and the disulphides would have 

8 S.CH(CO.NHPh), 

M..<o«ndl»^>0(00.NHPI.),.nd 4.(,H(C0.NHPh), 

pectively, and compounds of the latter type, for example, 
dithiosalicylid acid (Friedlander), are known to have a .high 
order of st&bility. These questions will form the subject of 
further investigation. i 
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E X P E B 1 M E N T A L. 

DiiAiom^soajaniJWe (III). 

Nine grams of malonanllide and 10 grams of anlphnr 
monochloride ( 82012 ) were heated under reflux with 50 c. c. 
of dry benzene. As soon as the benzene began to boili 
hydrogen chloride gas was vigorously evolved. After three 
hours the evolution ceased and the product was filtered and 
washed thoroughly with dry benzene to free it from the 
excess of sulphur monochloride. The solid residue, which 
was almost pure and appeared to be free from any precipi- 
tated sulphur, was difficultly soluble in acetone, from which 
it crystallised* * in short, colourless needles, m. p. 
214-215* ( Found; N « 8.70j S « 20.10. CuHisOaNaSj 
requires N « 8 . 86 ; S « 20.25 per cent ). 

Two grama ol this substance were boiled under reflux with 
a hrge quantity of absolute alcohol for two hours in order to 
determine whether either of the sulphur atoms was separable. 
1 he Solid, after filtration, was repeatedly extracted with 
carbon disulphide (Found : N . 9.12; 8 = 20.33 per cent. ) 

In order to see if the reaction took place in two stages, 
only half the quantity of sulphur chloride theoretically 
required was added to malonanilide and the condensation 
allowed to cake place-under the same conditions as before. 
The product was repeatedly boiled with alcohol to free it 
from any unchanged malonanilide. Almost one-half of the 
inalonanilide was recovered and the other half was completely 
converted into a dithio-ketone. Thus the reaction appears to 
take place in one stage only, the substance [OHCCO.NHPhlg], 
82 not being formed. 

Nitration of I)ithi(mmamUide.--k very vigorous reaction 
occurred when 5 grams of the anilide were treated with 
nitric acid (D 1.5), and the whole of the substance dissolved, 
The nitrated product slowly separated in fine c'^ystals on 
further warming. It was collected, washed with concentrated 
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nitric acid and with water, and dried, and then melted at 
232— '!B3* (Foand : N s 16>72: S a 12*60. Ci(H80ioN«S2 
reqairea N a 16>93; S a 12.90 per cent.). 

Hydrolysis of DitftiomcaoiBanittdc.— The anilide (16 grams) 
was hydrolysed by boiling for two hoars under reflux with 
a solution of potassium hydroxide (10 grams) in water 
(16 grama). The aniline produced by the hydrolysis was 
extracted with ether and identified. From the aqueous 
solution a solid was isolated whicli reacted with hydro- 
chloric acid to produce hydrogen sulphide, and was 'evidently 
potassium sulphide which had been formed during the 
hydrolysis. 

Brominafton.— Ten grams of dithiomesoxanilide ( 1 mol.) 
wore treated with bromine (rather more than 3 mols.) in 
glacial acetic acid solution. The product, after spontaneous 
evaporation of the acetic acid, smelt of sulphnr bromide. 
When the smell became faint the product was boiled with- 
alcohol under reflux. The solution deposited on cooling 
light, white tufts, which melted sharply at 239* after repeated 
crystallisation. The substance was found to be identical 
with the tribromomalonanilide prepared by the direct 
bromination of malonanilide (Backes, West, and Whiteley, 
J. C. S., 1921, 119, 373). 

Boduotion of ditltiomcsofsatufide.— Malonanilide, m. p. 
224—225*, was produced when dithiomesoxanilide (10 grams), 
dissolved in boiling alcohol (100 c.c.), was reduced by an 
alkaline solution of sodium sulphide by Brand’s method 
(fier., 1909, 42, 8464). 

DilhiofMSOxodm^ylamide (IV). 

This substance, prepared from malundimethylamide (1.5 
grams) and sulphur mono chloride (about 2 grams) in the 
same wajs as dithiomesoxanilide, was difficultly soluble in 
absolute alcohol. It separated from a concentrated solution 
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in slender needles and ultimately as a crystalline powder 
which melted at 216—217*’ (Found : N s 14.24; 8 s 33.24. 
CiHgOgNjSj requires N a 14.58; S a 33.33 per cent.). 


This substance was prepared from 4 grams of malondi* 
benzylamide and 2 grams of sulphur hloride. The product 
was dissolved in absolute alcohol, from which it separated 
• in finej white crystals melting at 204* (Found : N 8.57; 
S a 18.18. CjfHijOjNaSj requires N a 8.34; S a 18.61 p. c.). 


A mixture of 5 grams of malondimethylanilido. 50 grams 
of dry benzene, and 2.7 grams of sulphur chloride was heated 
under reflux for three hours. The action was not so vigorous 
as in the case of malonanilide. The product was washed 
with dry benzene to remove the unchanged sulphur mono- 
chloride, dissolved in hot acetic acid, and precipitated from 
the solution by hot water. This treatment was repeated 
until the substance had a constant melting point, 218 — 219* 
(Found : 8 a 10.52. CJ4HJ4O4N4S* requires 8 a 10.22 p. c.). 


Mothyimalonanilide was prepared by heating a mixture 
of methyl methylmSlonate (17 grams) and aniline (19 grams) 
for five hours at 140* and finally at 150—160“ until the 


distillation of methyl alcohol ceased. After crystallisation 
from alcohol the product melted at 180*. 


A mixture of 10 grams of methylmalonanilide, 100 c.o. of 
dry benzene, and 5 grams of sulphur monochloride was 
heated under reflux. Evolution of hydrogen chloride began 
to take place at once. After three hours, the solid was 
collected, washed with dry benzene, and grystallised from 
absolute alcohol, when it was obtained as a crystaliine powder 
melting at 229-230* (Found : 8 = 11.01. O32H30O4N4S2 
requires 8 s 10.70 per cent.). 
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:-d-dijAenylharbUurie aoid (Xl!« 

Salphar monocbloride (2<7 grams) dissolved in a small 
qnantity of benzene was gradually added to a boiling mix* 
ture of benzene ( 50 o. o. ) and dipbenylbarbitnric aoid 
(5*6 grams). Tbe acid, wbicb was not soluble in benzene, 
rapidly disappeared and hydrogen chloride was evolved. 
After two honrs, the brown liquid was cooled and filtered, 
and the solvent allowed to evaporate. The residue was again 
dissolved in benzene and, after the solvent had evaporated, 
crystallised from a mixture of benzene and light petroleum, 
when it melted sharply at 181^ The molecular weight, 
determined by the cryoscopio method in benzene solution, 
was 355.5 (Found : S = 19.20. CigHjo03N2'52 requires 
S s 18.72 per cent. ; M s 342). 

In conclusion, I take this opportunity of expressing *iny 
sincere gratitude to Prof. J. F. Thorpe and Dr.M. A, Whiteley 
for the keen interest they have shown and the kind en- 
couragement they have given me throughout this work. I also 
express my thanks to tbe Chemical Society for a grant from 
their Research Fund, which has partly defrayed the expenses 
incurred in this investigation. 

Imperial Colleoe of Science and Technology; 

South Kensington. 


{ Reprloted from the Traosictioos of the Chemical Society. 1921, Vol. ||9 ). 



II. InteraiOtion of Sulphur Monoehloride and Organic 
Acid Amidei, 

■ Br Kuvbbji Gosai Naik. 

The reaction of acid chlorides with amides, amines, and 
their derivatives appears to have been extensively studied. 
In particular, a number of investiitations on the interaction 
of varions amines and snlphur monoehloride have been 
carried out (Olaus and Erall, Ber„ 1871, 1, 89; Edeleano, 
Bull. Soc. chim., 1891, [iii], 6, 173; Roorda Smit, Asr., 1876, 
8 , 144*^; Schmidt, Ber., 1878, 11 , 1168; Michaelis, Ber., 1895, 
88 . 166), but no systematic study of the interaction of 
sulphnr monoehloride and organic acid amides or their 
substituted derivatives appears to have been made. 

The reaction of sulphur monoehloride with dry ammonia 
gas is very vigorons. When sulphur monoehloride is dropp- 
ed into the gas, flashes of light are produced and heavy 
clouds of ammonium chloride are developed, with the 
simultaneous deposition of sulphur. 


In view of this it is to be expected that— 


(i) The amido-group in the organic amides will readily 
react with snlphur mohochloride and give rise to sulphides: 


-NH.^ . 01 „ 


— NH 
— NH 


>S:S — 




—NH 
— NH 


>S-HS. 


(ii) Amines will be more reactive than amides on 
account of their more strongly basic character. 

(iii) Amides of the monocarboxylic acids, such as aceta- 
mide, may be expected to condense with snlphur mono- 
chloride more readily than the amides of the dicarboxylio 
acids, such as oxamide, because the two carbAmyl groups in 
adjacent positions in the latter may be expected t^ increase 
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the acidity, and thus render the >NH.j ({roup in such amides 
less reactive. 

These expectations have been fulfilled by the results of 
the present work. Oxamide, succinamide, malonamide, 
pbthalainide, and phthalimide do not react with sulphur 
monochloride. Oxanilidn also proved unreaotive, whilst 
malonanilide condensed in tho manner characteristic of 
•C0«CH.2«C0« derivatives ( J. C. S. 1921, 119 . .’179. ) 

As rei{arda the other amides which have been investi- 
gated, namely, acetamide, bntyramide, ben/.amide' benxani- 
lide, carbamide, thiocarbamide, thiocarbanilide, and salicy- 
lamide, tt may be noted in the first place that carbamide 
gr.ve cbtefly ammonium chloride and sulphur, along with 
hydrogen chloride. Tho reactions with acetamide, butyr- 
mide, and benzamide followed a very simple course, two 
molecules of the amide condensing with one molecule of 
sulphur monochloride to give a diamido-snlphide. Thus: 

20H8.C0.NH.2+Cl2S;S = (CH..C0.NH)2S+2HCHS. 

The reaction with thiocarbanilide resulted in the condensa- 
tion of two molecules of the anilide: 

2CS<^|PJ + 2Cl.,S:S=CS<5ph;N?J>C8+4nCl-h4S. 

(II.) 

This reaction is similar in many respects to that observed 
by Hector (/. pr. Chern,, 1892, (ii', 44,492; compare also 
Dodt, J9sr., 1906, 38, 10l4), who found that two molecules of 
an nnsymmetrical disubstituted thiocarbamide condense 
under the influence of siilphnr monochloride, giving a 
product from which the four hydrogen atoms have been 
eliminated, 

NPhMe.C^^j^^^C.NPhMe or NPhMo*CS*N:N-CS NPhMe. 

The i^eaction with thiocarbamide is specially interesting, 
fts it can be explained on Werner’s view of the constitution 
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of thiocarbamide. Werner (T., 1919, 115, 1168) anggested 
that in a neutral solution thiocarbamide is present in two 
forms in equilibrium, thus: 

NHg — NH.; 

In the present case, the form (6) can be taken as the 
active modification, the reaction with sulphur inonochloride 
being as follows: 

2NH:C(NH2).SH+C1.,S:S = [N1I:C(NII2)-S]2S.2HCH-S. 

(III.) 

Bcnzanilide reacts with sulphur nionochlorido to produce 
a trisnlphide, S(S.CjiII^.NH»COPh) 2 , similar to that resulting 
from acetanilide and sulphur monochloride (Schmidt, 
foe. cit.), whilst salicylamide produces a disnlphide, 

NH2.C0.C6H3(0H).S.S.C,iIl3(0H).C0.NH*. 

Although phthalimida has no action on sulphur mono-' 
chloride, its potassium derivative reacts t» form a di-imino- 
sulphide, 

2CeH4<gg>NK + Cl2S:S=[ C„H4<®2>N ].2S+2KCl+S, 
Expebihemtai,. 
l^-8ijUphid(M»aiO0lamide (I^ 

Sulphur monochloride (25 grams), dissolved in a small 
quantity of benzene, was gradually added to a boiling solu- 
tion of acetamide (10 grams) in dry benzene (200 c.c.). The 
reaction began at once with the slow evolution of hydrogen 
chloride. After six hours, the nndissolved white mass was 
collected, washed with dry benzene to remove the 
nndecomposed sulphur monochloride, an& crystallised 
from alcohol, from which the product separated in slender 
needles, m. p. 192*. 



!th 8 compound dissolved readily in hot water, and de« 
composed aqueous sliver nitrate with the formation of silver 
sulphide* A solution in sodium carbonate, on boiling and 
then acidifying, evolved hydrogen sulphide (Found : S=2! 48; 
Nsl9<27. O 4 H 8 O 2 N 2 S requires 8=21.62; N=18.92 per cent.) 

T)l‘SuJ^id(iiAenzyl(mide, (C6H5CX)NH).2S 

. This substance was prepared from benzamide (10 grams) 
and sulphur mohuchloride (11 grams) in the same way as the 
preceding sulphide. The white, amorphous solid was 
sparingly soluble in benzene, from which it crystallised in 
fibrous needles melting at 188^ The product was insoluble 
in water and reacted neither with sodium carbonate solution 
nor with silver nitrate (Found : 8 = 11.90; N = 10.14. 
0i«Hi202N28 requires 8 = 11.76; N s 10.29 per cent,). 

TS-SulphidK^i^tyramide, (C3HtGONH)2S 

This substance, prepared from butyramido (5 grams) and 
sulphur monoohloride (5 grams), in presence of dry benzene 
(50 0 . 0 .) in the same way as the sulphidobisacetamide, was 
deposited as a solid very sparingly soluble in benzene, from 
which it separated in minute white crystals melting sharply 
at 175« (Found : N = 13.41; 8 ,= 16.05. CeHj.OaNgS requires 
N s 13<72; 8 s 15.68 per cent.). 

SuiphidodUhiMarbomide Dihydrochloride (III). 

Sulphur monochloride (7 grams) was slowly rnn into a 
boiling solution of thiooarbamide (9 grams) in absolute 
alcohol (100 grams) previously saturated with sulphur mono- 
chloride. When the vigorous reaction had abated, the 
mixture was boiled for three hours and the hard yellow mass 
collected and extracted with a large quantity of alcohol and 
carbon disulphide until no more sulphur was removed. The 
resulting, pale yellow substance was insoluble in chloroform, 
ethylene dichloride, benzene, light petroleum, acetic* acid. 
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carbon tetrachloride, or nitrobenzene, and meltod with de* 
composition at 176 — 177”. On keeping under water it slowly 
deposited sulphur, hydrochloric acid being simultaneously 
formed. On treatment with sodium carbonate carbon dioxide 
was evolved. Sodium hydroxide first precipitated sulphur, 
which then dissolved in excess of the boiling alkali, from 
which, on acidification, hydrogen sulphide was evolved. On 
treating the aiinoons solution with silver nitrate, silver 
chloride was at once precipitated, but it immediately darken- 
ed on th% addition of concentrated ammonia owing to the 
formation of silver sulphide (Found : H a 37*12: Cl s 28*3(); 
N = 22.00. 0,H.N4Sa.2HCl requires S = 37-63; 01 = 28*63; 
N s 21*96 per cent.). 

3 : Q-DUhio-l : 2 : 4 : 54eitrapltenylhexahydrO'l : 2 : 4 ; 6. 
tetr<vme (11.) 

A mixture of thiocarbanilide (8 grams), aulphnr mono- 
chloride (5 grams), and dry benzene (200 c.c.) was boiled for 
three hours, when the solid was collected and washed repeat- 
edly with dry benzene to remove any excess of sulphur 
monocbloride. The substance was then dissolved in benzene, 
the solution treated with reduced copper until the free 
sulphur had been eliminated, and evaporated until prismatic 
crystals, melting sharply at 160”. were deposited. The 
mixture with thiocarbanilide molted at l-‘i8”. 

The tetrazino is stable and is not affected by water, in 
which it is insoluble (Found : 0368*39; Hs4*50; N3l2*90: 
8314*67. 0.2eH2oN4S.2 requires Cs69*02; Hs4*42; Nb 12*39: 
Ssl4*15 per cent.). 

Trtstt^idoftisfienjwniiidfl, B(S-C»H4NH (X)fti).2. 

. Reaction quickly set in when benzanilide (14 grams) was 
heated with sulphur monochloride (10 grams). The dark 
brown solid formed was washed with dry petAleum and 
then precipitated from an alcoholic solution by means of 



water. The yellowish-white precipitate was parifiod in 
benzene solution by reduced copper as in the last experiment, 
and was obtained as a ilocculent precipitate, m. p. 244* 
(Found : N=5>98: S=20<17. C 2 eH 2 o 0 . 2 N 2 S 3 requires Ns5«74; 
8sl9.67 per cent.) 

liimlpkidcbia’saLioylamide, S 2 [C(jH 3 (OH)'CO>NI J 

A mixture of A grams of salicylamide, 50 c.c. of dry 
benzene, and <> grams of sulphur monochlorido was heated 
under retinx for three hours. The product was washed with 
dry benzene and caused to separate several times from methyl 
alcohol l)y spontaneous evaporation. It was thus obtained as 
a yellow, amorphous solid which melted and decomposed at 
226* (Found : Ssl8*5l. Gi 4 H| 204 N 2 S 2 requires Ssl9.04 
per cent.}. 

'S-Sviptiuhdiphthalimide, |fC«Il 4 <QQ>N ^ 38 . 

The dried potassium salt (compare Landsberg, Annalen, 
1882, 215, 181) of pbthalimide (two mols.) and sulphur mono- 
chloride (one mol.) were heated with dry light petroleum 
under retlux for one hour. The residue was repeatedly 
extracted with dry light petroleum and finally purified by 
treatment with reduced copper in benzene as in the previous 
cases. The compound was thus obtained as white crystals 
which melted at 190*, and decomposed on keeping (Found : 
N=8.41i Sa9.64. Oi„H,0*N,S requires N=8.64; S:;9.87 P.C.). 

In conclusion, I have very great pleasure in recording 
my thanks to Prof. .1. F. Thorpe and Dr. M. A. Whiteley for 
their keen interest and kind encouragement throughout the 
progress of this work, and to the Chemical Society for a 
grant from their Research Fund which has partly defrayed 
the expenses incurred in this investigation. 

TmperM College of Seienee ami Teehnologp; 

^ South Kensington, 

( Repriirted from the Traniacfioss of the Cbemkal Society, If2l, Vol, Ilf ) 



III. Tha Formation and Propertien of DiUtioketOMs 
(R2C:S;S) and Ditkio-ethers (R^SrS) Pari II. 

By Kuvkrji Gosai Naik. 

The experimenkR described io this papier afford clear evi< 
(lence that the interaction of sulphur luonochlorido with 
compounds containini^ the methylene railiclu depends on the 
nature of the groups attached to the two remaining valencies 
of the carbon atom. Thus, if these valencies carry neutral 
irroups such as CO.NHo, for example, in inalonamide, 
0H2(C0*NH2)2. no reaction ocunrs. If, however, .one of 
these carboxyamidO'groupa is replaced by the carbothoxy- 
group, as in ethyl malonamate, CH2 002Et)*C0»NH2* n"" if 
the neutral character of either or both of the carboxyamido* 
groups is disturbed by the substitution of a pbenyl, tolyl, 
or similar group at the nitrogen atom, as in the com- 
pounds CHaf CO.NH2 )-CO.NHPh, dial CO-NH.O,„H,)2, 
C’HafCO’NH'CiHjlg, interaction with sulphur monochloride 
readily occurs with the formation of dithioketones of the 
type S:S:C(C 0 .NH 2 >C 0 .NHPh. 

Moreover, althougli no definite ineasnrementB have as yet 
been made, it is evident that the speed of the reaction 
depends on the electronegativo character of the attached 
groups. For example, sulphur inonochloride reacts more 
vigorously with malondiphenylamide, CHafOO-NIIPhla, than 
with'malonomonotolylamide, CH2(CO-NH2)*CO*NH'C,H;,and 
the reaction with ethyl malonotolylamate, CHg(CO*F.t)CO.NII 
•Otily, is still more vigorous than with either of the former 
compounds. In fact, reactions of the last-named type take 
place at the ordinary temperature with copious^evolution 
of hydrogen chloride. 
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Wolff and Ott {Ber., 1908, 86 , 8721) have Bkudied the 
interaction of methyl and ethyl -malonates with snlphur 
inonochlori<le> in the presence of anhydrons alumininm 
chloride and obtained different 'compounds with the two 
esters. Since it is well known that sulphur monochloride 
reacts in different ways under different conditions (Biieseken, 
Bee. trav. ehim., 1905, 24, 209; Cohen and Skirrow, T., 1899, 
76, 887; P-, 1899, 16. lf<8; Claus and Krall Bw., 1871, 4, 99; 
Edeleano, BuM. Soe. ehim , 1891, [iii], 5, 178; Boorda Smit, 
Ber., 1876, 8, 1446), it nas decided to study its reaction 
with (1) malonio and cyanoacetic esters and (2) their sodium 
compounds. It is remarkable that the products of these 
condensations are, in the case of the malonic ester, ethyl 
ethylenetetracarboxylate, and in the case of the cyanoacetic 
ester, ethyl dicyanosuccinate, whilst for the sodium com- 
pounds they are ethyl ethanetetracarboxylate dn the'case of 
the malonic ester, and ethyl dicyanosuccinate in the case of 
the cyanoacetic ester. A separation of sulphur occurs in 
every case: 

2(Et020)aCHNa -I- S2Cl2=(Et02C)2CH.CH(C0.2Et).2•^2NaCl -i-2S. 

2(EtO50)aCH2-i-2S2Cl2=(EtO2C)2C:C(CO2Et)2+4HCl+4S 

and 

where X»H or Na. 

It has been mentioned in Part I of this series (J. 0. S. 
1921. 119 , 382) that dithiomesoxanilide, when nitrated 
with fuming nitric acid, yields a tetranitro-derivativo: 

S:S:C(CO-NHP1i) 2 SiSrClCO.NH-OeHaCNOaJs),. 

The reaction has now been extended to other dithicketones, 
for example, to dithiomesoxo->:;-naphthylamide, which in 
the first place gives a tetranitro-derivative: 

. S;S:C(00-NH-CipH,)2 S;S;QiC0.NH,C,oH„[N02]a'2. 
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When, however, nitration is carried farther, the dithio* 
grouping is broken down and a salphoxide results, two more 
nitro-groups entering the naphthalene nuclei at the same time 
S:S:C(C0.NH.CioH6[N02]2)a’»05S!C(CO.NH.CioH*[NO3]3)a. 

(I.) 

Dithiomesoxo-j8*naphthylamMe and o- and j^tolaidides 
behave in the same way. 

An example of the nitration of a disnlphide is furnished 
by methylmalono-p-toluidide disulphide, which, 'on very 
careful nitration, yields a dodeoanitro-oompound : 

S.CMe(CO.NH.C,H,)a _ S.CMe(C0.NH.CtH4[N02]3)a 

S.CMe(CO*NH.CTHT)2 S.CMe(C0.NH.C,H4[N02]s)2. 

(II.) 

Clearly, therefore, it is possible to nitrate these com* 
pounds without destroying the dithio-grouping, which 
behaves as a remarkably stable residue. This is obviously a 
poworCul argument in support of the view previously sng* 
gested that the dithio>gronping in these compounds is 
structurally different from that present in /SjS’-dlchlorodiethyl 
disulphide and similar compounds and that sulphur mono* 
chloride is capable of reacting in two forms, 

S-Cl Cl 

(1) , and(2)S:S< , 

S.C1 ^C1 

the first of which gives rise to very stable dithio*compoanda 
(compare Part I of this series) containing the groups 

S « ^ S-C* 

^>0<.nd 

Experiments have been carried out with the object of 
testing the reactivity of sulphur monochloride towards com- 
pounds containing the group -CO'CHfCO-, when the latter 
forms a part of a closed ring, and as a large amount of work 
is being done in this laboratory on the formiltion and stabi- 
lity of spiro-compounds, it was decided to empfty typical 

17S& 9 
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.siptVo-coiQ pounds containing a cyclohexane ring. Three such 
compounds (III), (IV), and (V) (compare Norris and Thorpe, 
J. C. S., 1921, 119, 1190) were selected : 


OT..CH CH..00 

CH,.CHV ■CH*.CO 

(III.) 


‘ CH*.CO 


(IV.) 


H*c<Sg*5g2>c<ce|;co>^®*' 


'CHa-CHa 


V. 


The course pursued in these reactions affords a remark- 
able example of the differenco in the behaviour of similarly 
constituted substances containing the -CO.CHa*!)!)- group 
towards sulphur monochloride. For, whilst in the compound 
(III) only one methylene group, namely, that situated 
between the carbonyl groups, is attacked, with the form ition 
of the dithiobetone (Vl), in the compound (IV) the reaction 
proceeds further and involves one of the remaining methy- 
lene groups of the dihydroresorcinol ring, the substance (VII) 
being formed, and in the case of the spfro-compound (V), it 
proceeds yet further, all three of the methylene groups being 
attacked. The product in this case is the compound (VIII). 


CH,.CH; „ CH,.CO ^ 

I S-S I 


1 S-S i 

“*^<CH2.CH,>^<CH.C0>^S2 S2C<co.Qg>C<pg* jj->OH, 


(VIII.) 


In order to obtain further knowledge of the influence on 
the reaction of sulphur monochloride with methylene 
groups of neighbouring electronegative residues, exper(- 



ments with sabstitnted amides oontaining the group 
-CO'CHi'CO'CHj'CO- were made. The compounds employed 
were (1) the dianilide, (2) the di-o-toluidide, (3) the di-p* 
toloidide. of acetonodicarboxylic acid, and (4) ethyl-/- 
phenylcarbamylaoetoacetate. 


Of these compounds, only (1) and (4) have beon doscribed 
(Besthorn and Qarben, Ber., 1900, 33 , 3443), whereas (2' and 
(3) du not appear tu have been prepared. When these four 
coiapouuds were treated with sulphur monochloride in dry 
bensene, reaction took place readily, but it was moat vigor- 
ous in the chse of compound (4). the product containing four 
atoms of sulphur. In cases (1), (2), and (3), although more 
than two molecules of sulphur monochlorido wore taken lor 
every molecule of the substituted amide to give ample 
opportunity for the substitution of ditbio-groups for all the 
hydrogen atoms in the two reactive methylene groups, reac- 
tion did not proceed to this extent and the product contained 
only two atoms of sulphur, one hydrogen atom of each 
methylene group having been substituted. 


NHPh.CO.CH4 

/ 

CO 

'EtOaC-CH, 

NHPh.CO.CH,' 

J 

CO 

NHPh.CO.CH, 


‘iStClt 


S 4 CI 2 


NHPh.CO.C< ® 

/ S 
CO 

\ s 

Et 04 C.C< ^ 
NHPh.CO.CH— 8 

do 

NHPh.CO.CH— 8 


(IX) 

(X.) 


This is in accord with what follows from the hypothesis 
herein suggested, that the reactivity of the two hydrogen 
atoms of the methylene group is dependent on the total 
negativity of the two carbonyl groups with their attached 
radicles. It will be seen in the case of the foregoing sub- 
stituted amides that the negative effect of the central 
carbonyl group is divided between the two adjacent methy- 
lene groups, so that the total negative effect on eaclii methy- 



lene group is smaller than that on a single methylene group 
when linked as -CO'CH^'CO-. as in the case of the com- 
pounds described in Part I. Hence it U to be expected that 
the two methylene groups in compounds (1), (2), and (3) 
will be less reactive than the methylene group in compounds 
such as malonanilide. However, as soon as the total nega- 
tivity of the compound is increased by replacing one of the 
CO'NHR groups by a carbethoxy-gronp, the reactivity is 
correspondingly increased, and a dithio-compound is pro- 
duced, analogous to those described above. 

The investigation of the exact conditions under which 
the stability of the dithio-group can be controlled will be 
the subject of future work. 

Expbbiubmtal. 

DUhiomeaoxo-Tp-tcikiidide 

Malono-p-toluidide was prepared by the method of 
Whiteley (T , 1903, 83 , 24) with the modification introduced 
by Uoissert and More (Ber., 1906, 39 , 3300). The best 
temperature for the condensation is, in this instance, 140^ 
rising to 160*. The amide (10 grams), sulphur monochloride 
(5 grams) and benzene (ICO grams) were heated together for 
three hours, and the solid condensation product was then 
washed with dry benzene and purified by precipitation from 
its solution in acetone by means of water until it melted at 
215 — 216* (Found : 8rlh'26. CifH^^OgNaSy requires S3l8«60 
per cent.). 

The tetranitro-derivative was prepared by dissolving fet^e 
thiocompound in sufficient 'nitric acid (D 1>5) and warming. 
The nitration product which separated on cooling was 
collected, washed with concentrated nitric acid and with 
water, and dried, when it was obtained as white crystals 
which melted and decomposed at 255* and assumed a yellow 
colour on^ keeping (Found : Nsl5*81; Ssll.82. 

CirHiaOi^NcS^ requires Nxl6>03: Ssl2*21 per cent.). 



DUhi(mMaiio-<>4duidide. 

Malono-O'tolaidide was prepared and condensed with 
sulphur moDochloride similarly to the j)ara«compouud. The 
product obtained by evaporating the solvent (benzene) was 
crystallised from a mixture of benzene and light petroleum. 
It separated in hbruiis needier melting at 181) — 190° (Found : 
Sb18‘89. CjtHi.OsNsSs requires Ssl8’60 per cent). 

The fciranitro-derivative was prepared in the same way 
as-the p-isomeride and obtained as a yellowish-white powder 
when the solution in nitric acid was allowed to cool slowly. 
It melted and decomposed at 165° (Found : N=16.15; Ssl2<82. 
CijHjjOioNtSs requires N=16.U3; Ssl2>21 per cent. ). 

Diihiomesoxo-oc^naph^ylamide. 

Malonodi-oc-napbthylamide (6*5 grams), prepared Uke the 
tolnidide except that the final temperature was 170°, sulphur 
monochloride (2..^ grains) and benzene (50 o.c.) were heated 
together and the product was purified by crystallisation from 
benzene. It formed pale red needles which sintered at 160° 
and melted with decomposition at 210° (Found : 8=15.70, 
requires Ssl.5>.H8 per cent.). 

76lranttro-denv6(tivs.>-The dithio-amide (5 grams) was 
treated gradually with 40 c.c. of nitric acid (D 1‘5). After 
the first violence of the reaction had abated, the mixture was 
warmed to complete it and then allowed to cool, when the 
tetranitro-compound separated as an orange-rod powder. 
After being washed with concentrated nitric acid and with 
water, it melted at 190° with decomposition (Found: Nsl4.43; 
8=10’40. C„H,,0,ttN,Sa requires N=14.90; 8=10-75 p. c.). 

Bexanitro-axUpluuiie (Formula 1).— -This was recovered 
from the nitric acid washings by dilution with water as a 
yellow, crystalline substance which decomposed at 135° 
(Found : N=16-81; 8=4.57, Oj,IIiqOi (NgS requires .{J=16»71; 
8=4-77 per cent.}- 



Malonodi>j6*napbtbyIamide was prepared similarly to tbe 
oc'Compoand and condensed in tbe same way. Tbe product 
was purified by repeated precipitation by water from 
its solution in acetone until it melted at 204" with 
decomposition (Fonnd: Ssl.'i.Sfi. f^23nig02N.>S2 requires 
Ss 15.38 percent.). 

Tbe t6tranttro.derivative| when prepared and purified as 
in the case of the cc-naphthylamide derivative, was obtained 
as a pale yellow powder decomposing at 195" '(Found: 
N=14.04; 8 = 10.54. G23HX2O10N3S2 requires N = 14.10; 
8=10.73 per cent.). 

Dithiom8ao(mMmomf^ 

Malonomono-p-toluidide, prepared by Whiteley’s method 
(loo. oit. •Compare also Backes, West, and Whiteley, J. C. 
8. 1921, 119 , 372), the temperature of the condensation with 
p-toluidine being 120—125", was condensed (7 grams) with 
sulphur monochloride (5 grams) in benzene (50 grams) in 
the usual manner. The product separated from alcohol, on 
addition of water, in short needles which melted to an oil 
clarifying at 150" and decomposing at 165" (Found: 8 = 24*78. 
O10H10O2N1S2 requires 8 =25.20 per cent.). 


Malonomonophenylamide, prepared like the tolnidide, 
was condensed with sulphur monochloride in a similar way. 
The product separated from acetone, in which it was sparing* 
iy soluble, in short needles, melting and decomposing at 
202" (Found: 8=26*9. OsHsOsNgSi requires 8=26*66 p. c.). 


Ethyl malono*p*tolylamate, prepared by Whiteley’s 
method (ibid., pp. 36, 40) at 120—125", was condensed 
(8 grams) with sulphur monochloride (5 grams) in benzene 
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(50 c. c.) in the nsnal way. The reaction began in the cold, 
with copions evolution of hydrogen chloride. The liquid 
was cooled and filtered and the solvent was allowed to 
evaporate. The semi.solid mass was redissolved in benzene, 
and solidified when the solution was cooled with ice. It 
sintered at 74” and muited at 90” (Found: S a 22*44. 
^12^13^3^ ^2 requires S =>22.61 per cent.'. 

JDtf%iomS8(»:o-o-fof2^famafs. 

Thig substance was prepared like the para-compound and 
was purified by repeated spontaneous evaporation of its 
solution in benzene and finally in ether. It melted at 62” 
(Fonnd: S =22,48. CiaHjgOsNSo requires S =22*61 per cent). 

Methylmdono-i^‘tduidide Ditu^hide Formula (II). 

MethylmaUmo-^-tol/ui^^ was prepared from ethyl methyl* 
malonate (9 grams) and j7-tolnidine (10 grams) in the tame 
way as the lower homologne previously mentioned, except 
that in this case the temperature was 160” rising to 180”. It 
separated in a very pure condition and after crystallisa- 
tion from acetic acid melted at 220” (Fonnd: N=9*79. 
^18^20^2^2 requires N=9*46 per cent.). 

The above amide (8 grams) and sulphur monochloride 
(2 grams) were allowed to react in hsoissns (100 c. c.) in the 
usual manner. The solution was cooled and filtered and the 
solvent was allowed to evaporate. The residue was again 
dissolved in benzene and the product was crystallised from 
a mixture of benzene and light petroleum and then melted 
at 224-225” (Found: 8 = 10*19. C3CH38O4N4S2 requires 
8= 9*78* per cent.). 

The (2o(2scantfro-derivative was obtained by the regulated 
action of fuming nitric acid and precipitated by the addition 
of water. At no time should the liquid bft allowed to boil. 
After being filtered and washed with nitric acid and with 
yiater, it was obtained as a pale yellow powder decomposing 
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at 140* (Found: N as 18*50: S » 5*61. CsgH 3 eO 2 gNi 0 S| 
requires N s 18*76; 8=5*36 per cent.)* 

if«tA2/2ma2o«()*0‘to{tti(2M2e Dimlphide, 

JlfetAj^Zmalono-O'toJuidide was prepared and purified like 
the pam*componnd. It melted at 161* (Found: N^O fiS 
CigHjoOsN, requires N*»9*46 per cent.)* 

The amide was condensed with sulphur monoohloride as 
in the oase of the pora'Componnd; the product crystallised 
from alcohol in mealy crystals which melted at 174* (Found: 
3 = 10*09. C 30 HS 0 O 4 N 4 S, requires 3=9*78 per cent.). 

MethylmcJarmimio-^-tduidide Diendphide, 
S,[CMe(CO.NH*)*CO*NH*C,HT]a* 

was prepared from ethyl 
pethylmalonate (22 grams) and O'tolnidine (9 grams) in a 
similar manner as malonomono-p'toluidide and was crystal* 
Used from dilute alcohol. It separated in pearly scales 
melting at 117* (Found : Nsl4*05. CiiH, 40 jNa requires 
Nsl3*60 per cent.). 

This amide (6 grams) was condensed with sulphur mono- 
ohloride (2 grams) in the presence of benzene (100 0 , 0 *) as in 
the previous cases. The product was crystallised from a 
mixture of benzene and light petroleum, when it melted at 
207—208* (Found : 3sl3t95, CjtHsa 04 N 4 Sa requires 
Ssl3*50 per cent.). 

JFeffc^lmalonodtmetiiylamtde Dmdfhide, S,[CMe(CX)*IirHMe),],. 

Methylmalonodimethylamide ( Franchimont, Ree. trav. 
cJtim., 1885, 4» 204 ), when condensed (10 grams) with sulphur 
monochloride (5 grams) in benzene (100 c. c.), yielded a 
crystalline product which melted at 200 * after being washed 
with h^nzene (Found: S>b18*71. Ci 2 H 20 O 4 N 4 S^ requires 
Q B ^8*28 per cent.), 
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Intvraetion of Ethyl Sodiocyanoaeetate and SiUpkm 
MonoMoride. 

Kthyl sodiooyanoacetate, prepared from 25 grams of etbyl 
cyanoscetate, was reflaxed for one honr with sulphur 
monoohloride (15 grams) and dry benzene (100 c. o.)« The 
dark solution on evaporation left an oil which, when dis* 
tilled under reduced pressure, yielded a solid. After cry* 
stallisation from ether, this melted at 117— ll8^ contained 
no sulphur and was identified as ethyl dicyanosuccinate 
(Found: N^9 12«76. Calc., N s 12.50 per cent.). 

Interafition of Ethyl Sodiomalonaie and Sulphur 
Monochloride. 

Ethyl sodiomalonate, prepared from .50 grams of the 
ester, was rellnzed with sulphur monochloride (0*5 mol.) in 
the manner described in the last experiment. The prodnot« 
after crysUllisation from ether, was identified as ethyl 
etbanetetracarboxylate (Found : 0*52.46; H=>C.57. Calc., 
C*.52.8i); 11 = 6.91 per cent.). 

Interaction of EOiyl Cyanoaoelate and Sulphur MonoeMoride. 

Ethyl cyanoacetate (20 grams) was heated on a water>bath 
with snlpur monochloride (25 grams) and the product obtained 
on cooling was extracted from the sulphur produced by a 
large quantity of ether. The solid obtained after evaporation 
of the solvent was crystallised from benzene. It melted at 
117 — 118“ and was identified as ethyl dicyanosuccinate. 

Interaction of Ethyl MaUynate and Sulphur Monoehloride, 

This condensation was conducted like the preceding, 
excepting that heating on a sand-bath was necessary to 
complete the reaction. The solid product was extracted 
with benzene and crystallised from light petroleum' until it 
melted at 57—58”. It was identified as ethyl ethyleoetetra- 
carbo|ylate. The same product was obtained when benzene 
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was used as solvent and the product (an oil) snbjeoted to 
distillation under reduced pressure. 

Intercustion of 1 : l-DvmethyUijc\chemn»-Z : b-dione cMd Sul- 
phur Monoehloride 8:6:8': 5’-Tetrdkelo-^ : A’-hiadUhio- 
1:1:1’ : V -MramethyldiojQldiexyl 8 : 2*-Di(/ulphide (For- 
mula VII). 

The ketone ( 5 grams ) and sulphur monochloride ( 10 
grams ) were allowed to react in boiling benzene (100 c. o.). 
The solution on cooling was filtered and the solvent was 
allowed to evaporate. The residue was again dissolved in 
benzene and after the solvent had evaporated, crystallised 
from a mixture of benzene and light petroleum, when it 
softened at 110^ and melted with decomposition at 160*. 
The molecular weight, determined by the cryoscopic 
method in benzene solution, was 472*5 (Found: S a 40.93. 
CteHitO^S, requires 8=41*20 per cent.; M=466). 

Intemction of cyclo Hexanes^itooyolohexane-^ : 5-dione and 
Sulphwr MomchloricU. 1 : r-J[)t 07 clo^a 9 aneBpiro- 3 : 6 : 3 ’: 5’- 
tetraketo-A : A’^isdUhiodioyolohexylene 2 : 2’ : 6 : 6*-Bi8di- 
aulphide (Formula VIII). 

The ketone (2 grams), after being thoroughly dried in the 
steam oven for fifteen minutes, was heated under reflux with 
sulphur monochloride (3 grams) and dry benzene (100 c. c.). 
The product was isolated and purified in tbe same way as 
the preceding compound; it softened at 113* and melted and 
decomposed at 156*. The molecular weight, determined 
by the cryoscopic method in benzene solution, was 618 
(Found: S»4l*72. CajHjtOjS# requires S=»42*10 per cent; 
M-608). 

Inl&rafilim of cyclo Pentanespirocyolo henom-Z : 5-dione and 
Sulphur Monoehloride. cyclo Pentane spiro-S : 5-dMo 
A-dithio cyclo hevane (Formula VI). 

The ketonh (2 grams) was boiled for two hours with sul- 
phu|r monoehloride (3 ^rams) dissolved in l^euzene (50 c. c.^^ 



The product waa isolated and purified as in the preceding 
oases; il softened at 114° and melted at 135°. The molecular 
weight, determined by the oryoscopio method in benzene 
solution, was 219 (Found : Ss2d*45. OioHiaO«S, ruqnirus 
Ss28>07 per cent.; Ms228). 

ocY~DUu^idoacdorudi<xii'^>oKydianUi(h (Formula X). 

The acetonedioarboxydianilide required for the purpose 
waa prepared by the method of Bosthorn and Qarbon (li)c t'it.) 
and purified by crystallisation from benzene. The more 
soluble ethyl /-phenylcarbamylacetoacctate was recovered 
as a by-product from the residues. 

A mixture of the dianilide (4 grams), sulphur mono* 
chloride (4 grams), and dry benzene (100 o, c.) was heated 
under reflux for two hours. The solution became deep red 
and hydrogen chloride waa immediately evolved. The liquid 
was allowed to cool and the golden-yellow, crystalline 
product collected and recrystallised from benzene, when it 
melted at 220°. The molecular weight, determined by the 
cryoacopic method in benzene solution, was 343 (Found: 
N -8.15; 3sl8*41. CitHi 40 ,N,S| requires Ns7.82 S -17.87 
per cent.; M — 858). 

Sihjfi Y’Phmylcari(imyl'^Y'f>i^i^*dphido(ioet(^^ 
(Formula IX). 

Ethyl y-phenylcarbamylacetoacetate ( 4 grams) and 
sulphur monoohloride (5 grams) were heated under reflux 
with dry benzene (50 c. c.). The red solution was filtered 
and the solvent allowed to evaporate, the residue being 
repeatedly dissolved in benzene and precipitated by light 
petroleum until it was pure. When heated, it sintered at 
115° and melted with decomposition at 156 — 157°. The 
molecular weight, determined by the cryosco(gc method in 
benzene, was 393.5 (Found : S— 34.69, Ci 5 H.iO#NS 4 
requires S— 34.31 per cent,; Ms373.0). 



ocy-DmlphiioM^ 

Pr^aaration qf Acetottedicarboxydi-pJoluidide. — Acetonedi- 
oarboxylio ester (25 grams) and j)-tolaidine (17>5 grams) were 
heated together in a scaled tube at 120° for twenty*fonr 
hoars. When the contents of the tube were poured into 
benzene (.500 c.c.) the Muidide separated in beantifnl crystals, 
which, after recrystallisation from benzene, melted at 
169~170° (Found : Ns8.25. O^gHgoOsN* requires N=8.64 
per cent.). 

A mixture of the amide (6 grams), snlpur mo'uocliloride 
(5 grams), and dry benzene (100 c.c.) was heated under rullux 
for two hours. The product, being sparingly soluble in 
benzene, separated from the hot solution in brilliant golden- 
yellow flakes which melted on recrystalUsation at 216 — 217° 
(Found: S=16*14. CtgH^sOsNgSf requires Ssl6«58 p. o.), 

ccy-i)i8u2p^t(joacetone(2icar5oa!y(2t-o ^l/uidide. 

Preparation of A(xt<)mlimrboxijdLo4olui(lkk, — Tliis sub- 
stance was prepared in the same- way as the corresponding 
p-tolyl derivative, and on recrystallisation from benzene 
melted at 167* (Found : N=8»86. Cij,H 2 o 03 N 2 requires 
Ns8«64 per cent.). 

The amide was heated with sulphur monochloride in tho 
same way as the corresponding p-compound. Tbe product 
was sparingly soluble in benzene, from which it separated in 
brilliant orange crystals melting at 225° with decomposition 
(Found : Ssl6<88. requires 8*16*58 p. c.). 

In conclusion, I have very great pleasure in recording my 
thanks to Prof. J. F. Thorpe, Dr. M. A. Whiteley, and 
Mr. 0. K. Ingold for their keen interest throughout this work, 
and to the Chemical Society for a grant which has partly 
defrayed the expense of this investigation. 

The Imperial Oolleoe of Science ami Technology, 

' South Kemimjlon, 

( Reprioted from the Trauictloas of the Chemical Society, 1921, Vol, 119 ). 



IV-~Tht FormcUion and Properties of Dithiohstones 
(R 2 C:S:S) and DUhio-^ers (B^&S). Part III, 

By KuvEim Qusai Naik and Mahadeo Dattatbaya Avasabe. 

The experimeata described here were nndertaken with a view 
to teat the hypothesis advanced by one of us (T., 1921, 119 , 
1232), namely, that interaction of sulphur monochloride and 
a compouad containing the methylene radicle depends on the 
nature of the groups attached to the two remaining valencies 
of the carbon atom. It was shown that either one or both 
of the hydrogen atoms of the methylene radicle were brought 
into activity, the course of the reaction depending on the 
total negativity of the two carbonyl groups with their attached 
radicles. 

The work so far recorded was carried on with compounds 
which are derivatives of malonic or aoetonedicarboxylio acid. 
Experiments have now now been made with (1) the anilide, 
(2) the o-toluidide and (3) the ji-tolnidide of acotoacotic acid. 
Of thiiso compoumls, only tho first has been described (Knorr, 
Annulm, 1886, 236 < 75), whereas (2) and (3) do not seem to 
have been prepared. When these three compounds wore 
treated with snlphnr monochloride in dry benzene, reaction 
took place more readily and more vigorously than in the case 
of the corresponding derivatives of malonic and acetonedi* 
carboxylic acids, idtablo disulphides were formed in each 
case. Thus, 


CH,.CO 

NHR.CO 


>OHj| + 


Cl-S 

C1‘S 


^ CH,.CO. p S 


+ 2HCi, 


where U is the phenyl or tolyl group. Hero tho total uegati* 
vity of tho groups attached to the reactive methylene group 
is greater than in the oases of the corresponding malonic and 
aoetanedicarboxylic acid derivatives. 



Considering the three compounds (i) CHa*CO*CH>NHBi 
(ii) NHR.C0.CH,.00-NHR, and (iii) NHR.CO.CH,.CO.CH, 
•CO'NHR, it will be seen that the total negativity of the 
carbonyl groups with their attached radicles in the case of 

(i) is due to two groups, one of which, CO«NHR, is common 
to all three compounds, and the other, the acetyl group, is 
more negative than the partly neniralised group, CO*NHR, 
which is present in (ii) and (iii). Again, the negative effect 
of the central carbonyl group in (iii) is divided between the 
two adjacent methylene groups, so that the tota\ negative 
effect on each methylene group is smaller than that on a 
Single methylene group, when linked as — GO>GH,*CO — , as 
in cases (i) and (ii). Hence it is to be expected that the two 
methylene groups in (iii) will bo less reactive than the one in 

(ii) , which in turn will be loss reactive than that in (i). Such 
has actually been found to be the case. Whereas compounds 
of typo (iii) react thus. 


NHR.GO-GH* 

/ 

GO + 
N 

NHR.CO.GH, 


Gl-S NHR.CO.GH.S 

/ 

« GO 

N 

Gl-S NHR.CO.GH.S 


+ 2HC1 


those of types (ii) and (i) behave as follows. 


NHR.GO 

R’.GO 




where R’ is the methyl or anilino-gronp. Reaction in the case 
of (i), however, proceeds very much faster than in the case 
of (ii), in fact, the reaction proceeds vigorously even in the 
cold. Such behaviour is in accordance with the thory. 

It was stated in Parts I and II Qoc. at., pp. 382, 1233) that it 
is possible to nitrate the compounds there mentioned without 
destroying the dithio-grouping, which behaves as a remakably 
Stable residue. The ditbio-oompounds now described can also 
be nitrated in a similar way and give dinitro-derivatives : 

G,H,.NH.OO.bs,.CO.GH, — 0,H,(N0,),.G0.GS,.G0.GH, 
This behaviour obviously lends further support to the view 
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previonsly advanced that the dithio>grouping in these com* 
pounds is strnctarally different from that present in /3j8’* 
dicblorodiethyl disulphide and similar compounds, and that 
sulphur monochloride is capable of reacting in the two 
forms indicated {Jloc, cit,). 

Further work is in progress with a view to throw addi- 
tional light on the problem, by studying the iniluence of such 
reagents as sulphur dichloride, sulphuryl chloride, thionyl 
chloride, etc., on these and corresponding derivatives of 
cyanoaoetic acid. 

Expbbimbntal. 

DitM<)acetoacetamlide.~—'£^Q grams of acetoacetanilide and 
2-5 grams of sulphur monochloride (S,C1,) were heated under 
reflux with 50 c. c. of dry benzene for two hours. Reaction 
started in the cold, hydrogen chloride gas being vigorously 
evolved. When the evolution of the gas ceased, the product 
was filtered and washed thoroughly with dry benzene to free 
it from the excess of sulphur monocbloride. The solid 
residue, after repeated purification from a mixture of 
benzene and petroleum, melted and decomposed at 125^ 
(Found: S=b 26-92. C]oHgO}NS, requires Sa26*78 per cent.). 

The acetoacetanilide required for the experiment was 
prepared by Knorr’s method {Idc. dl.). The product obtained 
was very pure, but the yield was very small. It was cry- 
stallised from a mixture of benzene and ligroin. 

The (fmifro-derivative of the above dithioaoetoacetanilide 
was prepared by warming the thio-compound with a suffi- 
ciency of nitric acid (d 1-5), reaction being very vigorous. 
The nitration product was precipitated by the addition of a 
minimum of Wciter, and after being washed with nitric acid 
and with water was obtained as a brown powder, decom- 
posing at 167* (Found: N«12.90; 8-18-82. OioH^OgNaS, 
requires N —12-76; S— 19-45 per cent.). 

ilcefoocef-p-fofmefufe.— Acetoacetic ester an^ j>-tolnidine in 
equimolecular quanUties were heated in a sealed tube at 



120~125‘ for five hours. The alcohol having been evapo- 
rated, the residue was cooled in a free/.ing mixture and the 
resulting crystalline mass washed with a mixture of benzene 
and ligroin and subsequently crystallised from the same 
solvent; the substance obtained melted at 95*. It is very 
soluble in alcohol or benzene and sparingly soluble in ligroin 
(Found: N ai7*56. Ci^HigOgN requires N =7*33 per cent). 

DithioawtiHJUxU’p-tolmdvh . — Equal quantities (3 grams) of 
the above yi-tolnidide and sulphur monocbloride were heated 
under reflux with 100 c, c. of benzene for three hours. 
After hydrogen chloride ceased to bo evolved, t&e product 
was treated in the same way as the corresponding anilido 
derivative. It began to <lecoiuposo at 120* and melted at 
140® (Found : S=*25*28. C, |II],OjNSj requires S=2.’).29 
per cent.). 

The cii»»7>‘o-derivative was prepared in the same way as 
the corresponding dinitroanilido, and obtained as a yellow 
powder decomposing at 170® (Found: \ = 12*IC; S=^18»8.'>. 
requires N=s 12*24; S=!l8*G.5 per cent.). 

— This substanco was prepared in the 
same way as tho corresponding p-tolyl derivative, and after 
recrystal lisalion from bonzone and petroleum melted at 107®. 
It is very soluble in alcohol or benzene and sparingly soluble 
in ligroin (Found: N = 7*C2. requires N=7*33 

per cent.). 

l)ithi()acH()ncH-o~U>hiididi‘, — The e-lolnidide was treated 
with sulphur monochlorule in the same way and in the same 
proportions as tho corresponding para-derivative. The pro- 
duct, on repeated purification from a mixture of benzene and 
petroleum, melted and decomposed at 167® (Found: S»25.26. 
OixHnO,N8j requires S»25*29 per cent.). 

We take this opportunity to record our thanks to the 
Chemical Society for a giant which has partly defrayed the 
expense of this investigation. 

The Ba^ oda Colleije, Baroda, India, 

( Repristed from the Trassictions of tho Chemical Society, 1921, Vol, JIf ) 
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r.-Abtorption of Halogens by Mercurous Salts: Preli* 
minary Note. — The present work prew out of an attempt 
to make a more effective mercurial preparation for external 
application by treating calomel with iodine. In spite of the 
large amount of work which has boon done on various com- 
plex mercurio compounds,' the mixed mercuric salts, 
X — Ilg — Y, have not been prepared' by the action of halogens 
on mercurous componuds. During the present stndy, 
mercurous chloride, sulfate, and nitrate have been treated 
with alcoholic solutions of iodine and bromine in excess. 
Mercuron8*ohloride yields mercuric iodochlotide, HgICl, and 
mercuric bromochloride, IlgBrCl. The sulfate yields di- 
iodomercuric sulfate, (IHk),S 04 , and a perbromide, 
(BrHg) 2 S 04 .Br 2 . The latter compound reacts with dry 
chlorine to give dichloromercnric sulfate, (C1 IIk), 80*. The 
nitrate gives a per-iodide, (IIIgNO,),.Ij, and a p«'rbromitle, 
(BrHgN08)2.Brj. The former componnd, when treated with 
chlurine, differs from the corresponding sulfate by giving a 
percblorido, (CingNO,)j.Cl 2 . 

It is too early to discuss definitely the constitution of this 
aeries of compounds of mercury. They exhibit a number of 
interesting peculiarities wliich are being actively studied liy 
physicochemical means. The stndy of their therapeutic 
effects may load to interesting developments. As they contain 
easily reactive halogen atoms, they might bo nsefiil in making 
other compounds of mercury or in organic synthesis. 

The experimental defails of the preparation and properties 
of the substances, as well as the analytical data, will be 
published in a later paper on their constitution, 

I Ditte, C’ompt. rami , 87, 794 (1879); M, 353 (1881). Varet, ihid,, 
127,497 (1896). Harth, Z.oaor</. CA«m, 14, 323 (1897). Dobroaierdoff, 
J. Rutt Phy». Chtm. Soe , 77 , 303, 387 (1901) Sherrill, Pj. phytic. Ohtm , 
47, 705 (1903). BorelU, Gate, ehim, Hal , 78, 1, 361 (1908); 78, II, 421 
(1908). 

The Chetnli'nl Luhorit'orieiiofllie Collei/e Knrerji Gotai Nail', 

Haroih, Imlia Mahtuho Dattalraya^AraMre. 

(Keprluted from (he Joursal of the American Chemical Society, 1921 Vet. XLV) 

5* 
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VI~~ Interaction of Sulphur Monoohloride with Orgavio Aoid 
Amides. Part II 

Bj KUVEIUI QosAI NAIK and ClIATUttBlUf Shankabbhai Patbu 

It is well-known that dry gaseous ammonia interacts 
vigorously with sulphur monochloride with the precipitation 
of sulphur (Naik, T,, 1921, 119 1166). In a previous commu- 
nication ( loc. cU . ), it was shown that when this ammoniaoal 
reactivity was neutralised by strong aoid residues, e, g., in the 
organic acid amides such as oxamide, malonamide, sucoi- 
namide, phthalaraidi, etc., sulphur monoohloride reacts no 
longer. Between these two extreme limits, of vigorous 
reactivity and no reactivity, come a number of cases where 
the reactivity of the ainido group is only partially neutralised 
by the acid character of other residue. 

The amides of acetic and benzoic acids interact with 

sulphur monochloride giving a mono-sulphide { loc. cit . ), 

vn 1 

which is presumably derived from a disulphide, J S*S, 

that had been initially formed. 

The work described in this paper was undertaken with 
a view to throw some additional light on the conditions 
governing the reactivity of the amido group in organic acid 
amides, and ^Iso on those which govern tho stability of the 
sulphur atom present in the resulting monosulphides. By 
weakening the acid residue of the amides still further, tho 
reactivity of the amido group may bo slowly increased, a 
point being ultimately reached where it is possible that tho 
monosulphide would change into a condensed di-imido or 

-NH 

hydrazine, | derivative, a limit, which, if achieved, would 
— NH 

correspond to d stave just below the extreme one, m., when 
dry ampfbnia interacts with sulphur monoohloride. 



With the above end in view, isobntyramide, valeramidc, 
and capronamide were selected. The reaction with snlphar 
monochloride in all the three cases followed a very simple 
coarse, two molecules of the amide condensing tu give a 
di-amide with prof aso cvo'lution of all the snlphar, thus : 

CH3.(CH2)3.C0NHH Cl 

+ 

CH3.(C1Ij,) 3.C0NHH Cl 




(CH, -CHa -ClI, .CH, .CONII), +2IIC1 -|-2S (I) 

and so on for the others. 

These products which showed no trace of snlphar nsaally 
had showed higher melting points than the original amides 
from which they were found to be different by the method 
of mixed melting points. The molecular weights, too, when 
determined by the cryoscopic method, gave results in complete 
accord with those required for the condensed product. 
Moreover, the di-imido product obtained from capronamide, 
gave the original amide, on redaction with alcoholic sodium 
hydrosulphide, thus proving its constitution. 

The effect of strengthening the acid group on the reactivity 
of the amido group, was also studied by selecting mouochlo- 
racetamide and trichloracetamidc as typical examples. Where- 
as the ammoniacal reactivity of the amido group in acetamido 
and monoohloracotamidu was sufficient to give a mono- 
sulphide, that in trichloracetamide was reduced to the desired 
extent and gave the expected di-imido product, thus : 


ClCHj .CONTI 
CICH* .CONH 


H Cl| 

+ 

IH Cl 


Cl3C.CO.NH 


CI 3 C.CO.NHIII Cl| 


+ 

H Cli 


JS=S— ?(OlCMsCONH),S -I-2HC1 -I- 8.(11) 
CUC.OONH 

ISsS—. > I +2HCH-2li. (Ill) 

' CUC.CONH 





Experimenta were also inslituted with a view to examine 
the posaibilitieB of transferring the aolivity from the amido 
gronp in OHtCONH, to the methylene gronp by Snbstituting 
one of the hydrogen atoms of the methyl group by acidic 
groups such as phenyl and cyanogen {af. Naik, T., 1921, 119 , 
379). The reaction with pbeuylacetamide was inconclusive, 
and is being investigated more thoroughly, whilst in the case 
of cyanacetamide the reactivity was found to be transferred 
from the amido to the methyleno group, thus : 


ON , 

[CH, 


CN 

ICH 

NHjCO ‘ 

1 * 

Cl . 

, NH»CO * 


+ 

1 

s=s_.» 


NHjCO j 
( 

[CH, 

Cl ' 

* NH,CO . 

1 

1 OH 

CN ' 

} * 


CN ■ 

} 


The reaction was very vigorous, as was the case with cyana* 
cetio ester (Naik, T., 1921, 119 , 1232). 


Farther, the reactions of snlphnr monochlori<ie with 
substituted amides such as isobutyranilido. phenylacetanilide, 
and acetylsalicylanilide wore studied. Whereas isobu- 
tyranilide and phenylacetanilide gave a disulphide, thus 
resembling the reaction of salicylamide, (Inc. cif.) : 

2(0H,) ,CHCONHC,Hs+S,Cl*-..> (V) 

(CH,),CHCONHC,H*-S-H-C,H*NHCOCH(CH,), 
2C,H,CH*C0NHC,H,+S,01.,-^ 
C,H,CH,CONHC,H*-S-S-C,H«NHCOCiI,C«H„(VI) 

acetylsalicylanilide gave atrisnlphide, resembling the reactions 
of acetanilide and bensanilide with sulphur monochloride : 

CH, .C0.0 

2 i C,H«+S,C1*-^ 

C,H,NHCO 

CH,C0-0 

c.H.naco 

On nitration of the disulphide resulting from (VI), a 
tetranitroderivative was obtained as before ( loc. cit ). 


, O.CO.CH, 

C.H,-S-S-S-C,H, 5 (VII) 

' CONIIC JI, 
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Expebimental. 

Symm-dkaproyl hydrasme 

Capronamido ( 3 grams ) and snlphnr monochloride 
( 2 grams ) wore separately dissolved in dry petroleum ( 25 
c. c. for each ) and boiled under a reflux condenser. The 
reaction started 'with evolution of hydrogen chloride. 
After three honrs the flask was allowed to cool and a viscous 
mass deposited at the bottom. The excess of sulphur mono- 
chloride was washed away with dry petroleum and the 
product was kept overnight in vacuum in an alkali desiccator. 
On being boiled with animal charcoal in benzene and filtered, 
it deposited from the clear filtrate on cooling, in plates with 
pearly lustre, and melted on recrystallisation at 111 — 112*C. 
The original amide melted at 98*C, while the mixture of the 
two melted at OS^C. It was easily soluble in benzene, alcohol, 
acetone and warm wator, more diflicultiy soluble in chloro- 
form, insoluble in petroleam and carbon disulphide. 

Mohxulnr Coinpk.ritif.--^ specimen recrystallised from 
benzene and carefully dried gave the following molecular 
complexity by the cryoscopic method in this solvent; 0'0l02 
grams and 0-0 1.52 grams dissolved in 20 c. c. of benzene 
depressed the freezing point by 0.011*0 and 0.019*0, 
respectively; M=s265, 229 (average 247). requires 

M=228. (Found; N* 12.39, 0,.^H2402Nj requires N=s 12*28 
per cent ). There was no sulphur in the compound. 

Redmtion.—5 grams of the above compound were dissolved 
in 50 c. c. of absolute alcohol and an aqueous solution of 
sodium hydrosnlphide and caustic soda was gradually added 
(Brand, Ber., 1906, 42 . 3464). On cooling a crystalline pre- 
cipitate was obtained. The crystals wore washed free from 
alkali with hot wator and the product on r^crystallisation 
from alcohol melted at 98*C. It was found to *be pure 
capronamido. 



Valeramide ( H grama ) and salphar monochlorido (2*5 
grams) wore separately dissolved in dry petroleum (15 c. c. 
in each case), mixed and boiled. Hydrogen chloride began 
to evolve on heating this mixture. The brown viscous solid 
deposited on completion of reaction (d hours), gave shining 
pearly plates from benzene, as in the case of capronamido, 
which melted at It was soluble in benzene, alcohol, 

acetone and also in warm water, but insoluble in petroleum 
and carbon bisulphide. 

Molecular 0*0194 gram of the substance dis- 

solved in 20 c. c. of benzene depressed the freezing point by 
OWC; M = 222. OioHaoNA requires M=200. (Found: 
N » 14*25. roQuires N * 14*00 per cunt.). 

Sulphur was found to be absent. 

Symm-di-iaoibutyryl hydrazine. 

Isobutyramide ( 3 grams ) and sulphur monochlorido 
(3 grams) dissolved in dry petroleum (50 c. c.) were boiled 
under a reflux condenser. Copious evolution of hydrogen 
chloride was observed. After treatment of the brown viscous 
residue in the same way as before, pearly white plates melt- 
ing at 120 — 121'*C were obtained. The product was found to 
be easily soluble in benzene, alcohol and acetone, but only 
slightly soluble in chloroform. 

Molecular Comple-vitif. — 0*0088 grams of the substance 
dissolved in 20 c. c of benzene depressed the freezing point 
by 0*014®C. M*180. CgH]^eO|N, requires Ms 172. (Found: 
Ns 16*20. CjjH^gOjN, requires Ns 16*28 per cent.). The 
compound contained no sulphnr. 


N'SiU^idiMM-ohloraeetamide, 

A mixture of monoohloracetamide (3 grams) and sulphur 
monochlorido (3 grams) in 50 o. o. of dry benzene was boiled 
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till the evolntion of hydrogen chloride ceased. A white 
solid was gradually deposited. The reaction was stopped 
after 6 hours, the product filtered, washed free from 
sulphur monochloride and crystallised from hot alcohol, 
when it was obtained in shining white crystals. It begins 
to molt at ( decomp. ), formiog a yellow liquid. 

(Found : N = 13.14; S = 14-5; Cl = 32.36. C^HgO^NjCltS 
requires N al2.9d; Sal4.75 and C1332.72 per cent-). 

3ymm-}im»ohl(/rdmeriyl hydrazim. 

Trichlo(acetamide (6 grams) and sulphur monochloride 
(2 grams) were boiled in dry benssene (50 c. c.) as in the 
previous case. A brisk evolution of hydrogen chloride was 
noted. On cooling a yellowish white mass was deposited 
which on being freed from the excess of sulphur monooblo* 
ride and sulphur, was crystallised from benzene and obtained 
in the form of white needles. On recrystallisation from 

benzene it melted at 148 — 149*0. Trichloracetamido melts 
at 140*0. 

Mokciifur Gomple-eity, — 0.0423 grams of the substance 
dissolved in 20 c. c. of benzene depressed the freezing point 
by 0.0.15*0. M = 338. O^HjOjNjClo requires M = 323. (Found; 
N=8.80; 01 = 65.80. C^HjO^NsClo requires N=8.67 and 
01=65*94 per cent.). No sulphur was detected in this 
compound. 


GyaiMC;Ucmide’G-dm^ide, 

Oyanacetamide (3 grams) and sulphur monochloride (3 
grams) were boiled in dry benzene (50 c. c.). A brown 
granular mass was obtained as the evolution of hydrogen 
chloride proceeded quickly. On completion of the reaction 
(after 4 hours), the excess of sulphur monochloride was 
removed by hot benzene. The product was freed from 
sulphur by being repeatedly boiled under a reflux condenser 
with carbon disulphide until the melting point became 
constant. It melts at 103*0 (decoinp.); it is insi^uble in 
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benzene, petrolenm and carbon dianlphide, and hydrolyfles 
in alcohol. On standing it nndergoes slow d<^ composition 
to a dark mass. (Found: N =24.77; S =27.73. OeHoOiN^St 
requires N =24*34 and 8=27*82 per cent ). 

dmlphide, 

Isobutyranilide ( 3 grams ) and sulplinr monoohloride 
(3 grama) were boiled together in dry benzene (50 c. c.) for 
12 hours. The resulting pink coloured solution was slowly 
evaporated in a current of dry hot air, when an indigo 
coloured mass was obtained. On boiling in benzene with 
animal charcoal and leaving the solid mass obtained on 
evaporation of the solvent benzene, in an alkaline desiccator, 
it was freed from the hydrogen chloride with which it was 
at first contaminated. The resulting granular mass was 
redissolved in benzene from which it was deposited in the 
form of an indigo coloured amorphous granular powder 
melting at 100—102*0 ( decomp. ), very easily soluble in 
benzene forming a beautiful violet coloured solution and 
also soluble in alcohol and acetone. (Found : N =7*5.5; 8 = 
16.9. C2oH2402N2St requires N = 7.22 and 8 = 16*5 per cent.). 

Synrn'diphanr^-duudyldimMiw-diphmyl-disuipliide. 

Equal quantities ( 5 grams ) of phnnylacetanilule and 
sulphur monochloride were boiled together in dry bonzeno 
(50 c. c.) for 15 hours. The excess of sulphur monochloride 
was then evaporated in a draught of dry air, the viscous 
solid residue redissolved in benzene and precipitated by 
petroleum. It melted at 1G2 to 163“C. (Found: X = ,5.68, 
8 = 12.98. C28H240 jNj8j requires N =.5*79 and 8 = 13*22 
per cent.). 

SyTnm-t^anitro-diphmyl’diaoetyl-diamino-diphmyl- 

dimlphide. 

K 

Two^rams of the above substance were gradually treated 
with 10 c. c* fuming nitric acid ( 8. G. 1*5 ), keeping the 
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t<)mperatare low« At first a sudden evolution of the oxides 
of nitrogen took place, the disulphide going into solution at 
the siwe. time The liquid was slightly concentrated* allowed 
to cool and filtered, when on slight dilution with water, a 
very pure yellowish mass was obtained, which melted at 
148— 15(fC (decomp ). (Found : N« 12.76; S»9.23, 
®28^20®io^6^t rcQuires N at 12*65 and 8=9.64 per cent«). 



trmiZphide. 


Acotylsalicylanilide (4 grams) were boiled in dry benzene 
(100 c. c.) with sulphur monochlcride grams) for eighteen 
hours. After the evaporation of the solution in a current of 
dry air, the dirty white viscous mass obtained was redis- 
solved in benzene and boiled with animal charcoal. The 
clear filtrate was allowed to drop into a large quantity of 
lietroleum ether, when a partly granular and partly viscous 
mass was obtained. This was left in an alkaline desiccator 
overnight, dissolved in benzene and precipitated by petro- 
leum in the form of a light yellow powder which melted at 
78®C (decomp.), (Found: 8 = 15*62, C3 qH 24O0N|(S3 requires 
8 = 1.5*89 per cent.). 

Thii Chemical Laboratories, 

The Barofla CoUege^ 

(Reprinted from the Journal of the Indian Chemktl Society, Vol.l, Issue No. I.) 



VII—Almrj^ion of ike Halogens hy MerewroM SaUs Pwi 1. 

Pornation aad Properties of some Cooiplex Coiapooiids of Mercury. 

BY Kuverji Gosai Naik and Mabadbo Dattatbaya Atasabx. 

Tha work undertaken (a preliminary note on whi6h 
appeared in J. Amer. C. 8., Vol. 45 (notes), pp. 2769-70) 
originated during the course of a mercurial preparation 
involving the use of calomel for outside application in which 
it was thought advisable to use iodine, as it was e.\pected 
that (1) calomel would combine with iodine to form a com- 
pound with increased mercurial activity and (2) the iodine 
being a germicide would contribute favourably to the 
germicidal properties ef the preparation. 

The toxicity of mercuric salts is directly related to the 
ionising capacity of the salts, whilst mercurous salts like 
calomel, which are insoluble, cannot be absorbed to the 
necessary extent, and so their use as germicides is limited. It 
appeared, therefore, that if some way could be found to 
slightly increase the solubility of these compounds, without 
very much increasing their degree of dissociation, their use- 
fulness would be greatly enhanced. 

In the work described here the mercurous salts, chloride, 
sulphate and nitrate were shaken with alcoholic solutions of 
bromine and iodine. The latter were rapidly absorbed and 
gave beautiful crystalline compounds from which attempts 
were made to produce the corresponding chloro-derivatives 
by passing dry chlorine gas over them. During the course 
of this work the following compounds were obtained.:— 


From mercnrouB chloride- 
iodine 

Bromine 

Cblorine 

Cl 

Cl 

01 

(1) Hg< (2) 

Hg< 

(3) Hg< 

• 1 

Br 

Cl 
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From merouroas sulphate-^ 

Hg-I Hg-Br - 

(4) S04< (5)ra04< iBr* 

Hb-I L Hg-Br-* 

Vrom meronroaa nitrate— 


Hg-Cl 

(6) S04< 


•Hg*Cl 


r 1 

(7) [Hg< ^Jl, 




Compound (1) has been prepared by Kohler (B. 12, 1187) 
and by others but in small yield, whilst the method described 
here is extremely simple and gives quantitative yields of the 
pnre product. 


The fact that compound (o) was soluble in boiling water 
and it was found possible to estimate its bromine qnantitati* 
vely in the ordinary way as silver bromide from its aqueous 
solution, as well as the fact that (6), which is derived from (5) 
by passing chlorine gas over it, is also soluble in water and 
in which chlorine could be estimated in the usual way, 
excludes the possibility of such compounds being molecular 
compounds or double salts -having the formulee HgSO^, 
Hg Br{.Br, and IigSO^<HgGlf. For it is well known that 
under such circumstances mercuric sulphate (and mercuric 
nitrate as well) would hydrolyse to a basic mercuric salt 
which will precipitate as a yellow substance. Hence the 
mercury atom in such compounds can be suggested to form a 
part of the molecular complex, which would perhaps render 
such a preparation therapeutically useful. 

The interaction of mercurous nitrate with the halogens 
gave tetrahalogen derivatives (7), (8) and (9). The bromo* 
and the obloro- derivatives (8) and (9), like (5), were soluble 
in a large quantity of boiling water without any hydrolysis 
and it was from the water solutions that the hnlogens were 
ostimated in the usual way, conlirming the view that dll these 
Gompitfinds aro not double salts but complex compounds. 
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ExPEBIUBKT AL 

(1) Mermtrio Chioriodide. 

Two grams of powdered calomel were shaken with an 
alooholio eolation of iodine in a stoppered bottle at room 
temperatnre. The iodine began to be rapidly absorbed. 
After the absorption of the iodine ceased, the solution was 
kept for some days and a beantifnl rod crystalline compound 
was obtained. It was re>orystallisod from alcohol. It changed 
from red to yellow at 125* and melted to a yelloW liquid at 
153^. Yield three grams. 

(Found: Cls9<58: Is35«22. HgClI requires 01s9>79; 
Ik 35*03 per cent.) 

The compound, though insoluble in water, diasolvid 
readily in alcohol. 

(2) M^rmricchlorbrnnide 

Four grams of finely powdered calomel were shaken with 
an alcoholic solution of bromine as before, when the bromine 
was found to be rapidly absorbed with rise of temperature. 
The reaction mixture was cous(^qa(mtly kept at room tempera- 
ture by slightly cooling it under the lap. When liromiiie 
ceased to be absorbed, the solution was allowed to evaporate 
to remove the excess of bromine, when a syrupy liquid was 
obtained which'yielded a white crystalline mass on standing 
over sulphuric acid in a desiccator. It slowly sublimes with- 
out melting, when heated in a melting point tube. (Found: 
GlsU«23; .Brs24.98. IlgClBr requires Clsll>2fi; Brs2.'i-3i; 
per cent.) 

The compound was freely soluble in alcohol, sparingly 
solnble in cold water, easily soluble in boiling wafer. 

When its solution in water is treated with silver nitrate, 
silver bromide is quantitatively preoipitalod. « 
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On passing dry chlorine over merenrio chloriodide (1)« at 
room temperature in a tnbe open at both ends, and driving 
away the excess chlorine by means of dry carbon dioxide, a 
white mass was obtained which when crystallised from 
alcohol was found to be identical with mercuric 
chloride (HgCl,). 

(4) JH-iodo-dimercurio mlphate 

This compound was obtained as a red crystalline mass by 
shaking mercurous sulphate with an alcoholic solution of 
iodine under the conditions stated above. When crystallised 
from alcohol it turned yellow at 143^ and melted at 243^ 
Yield quantitative. 

(Found: l=s33‘87. HgjSO^I, requires 1=33*86 per cent.). 

The compound though insoluble in water was Soluble in 
alcohol. 

(o) T<dr(d)romodimer<mriD gulpkate. 

On treating mercurous sulphate with an alcoholic solution 
of bromine, under the conditions already described, a syrupy 
liquid was obtained, which deposited a white crystalline 
mass when loft to crystallise in a desiccator over sulphuric 
acid. On rocrystallisation from alcohol, it was found to 
decompose at 125" and molt with decomposition at 235". 

(Found: Br =39*17; Hg=49.10; 804 = 11*78. HgjSO^Br^ 
requires Br=i{9.31; Hg = 49*03; 804 = 11*77 per cent.). 

The compound was found to be sparingly soluble in cold 
water, more in boiling water. It dissolved freely in alcohol. 
When allowed to stand in air it slowly emitted vapours of 
bromine. Silver bromide was quantitatively precipitated 
from its solution in water by the addition of silver nitrate. 


When dry chlorine gas was passed over (5) tetrabromodi- 
merouric sulphate, a white amorphous mas^ was obtained 
which when crystallised from alcohol began to (ftrken at 
175" and molted at 270". 



(Found : Clail2t50. Hg,S 04 Cl( requiros Cla>12«53 per 
oent.)< 

It is Sparingly soluble in cold water, more in hot water 
and freely soluble in alcohol. Its halogen was estimated in 
the usual way from its water solution. 

(7) Telraiododimereu>ricnUrate 

Mercurous nitrate was shaken with an alcoholic solution 
of iodine, as before. The resulting red compound was cry- 
stallised from alcohol, when it changed to yellow Cit 145-146* 
and melted at 250*. Yield quantitative. 

(Found : 1=49*22. Ilg,(N 03 ),l 4 requires 1=49*23 per 
cent.). 

(8) Tetrabrmadimerotmcniirate. 

This compound was prepared in the same way, as its 
corresponding iodo derivative, using an alcoholic solution 
of bromine in place of iodine. The resulting liquid, after 
the excess of bromine was allowed to go away, gave on 
standing over sulphuric acid in a desiccator, a white cryst- 
alline substance which on snbseqent re-crystallisation from 
alcohol, yielded a compound which decomposed on heating. 

(Found: Br s 38*02. Hg,fNOs)jBr 4 requires Br s 37*91 
per cent.) 

The compound was very soluble in alcohol, appreciably 
soluble in cold water and more in hot water without decom* 
position. The halogen was estimated in the usual way from 
its water solution. 

(9) 7sfmcA&>ro(i»msrotm0t»frats. 

The above compound was obtained as a white amorphous 
powder, when dry chlorine gas w.is passed over (7) the 
corresponding tetraiodo compound. On crystallisation from 
alcohol itsbugins to decompose and darken at 100*. Yield 
quantitative. • 
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(Found: Cl =21.16. Hg, (N 03 ),Cl 4 requires C1=2W2 
per cent). 

The compound was sparintfly soluble in cold water, more 
in boilinK water and freely soluble in alcohol. The halogen 
could be quantitatively precipitated from its water solution 
by silver nitrate. 

Tha Chp,mi»try Deparlmmit oj'ihe Cnlleyp, 
liaroda, IwUa, 

(Reprinted from the Journal of the Indian Chemical Society, Vol I, laaue No. I ) 

F/fMnteractioii of Sulphur Dichloride urith Substances 
contuning the Reactive Methylene (— CH*— ) 
Group or Substituted Methylene Group. 

By Kuvebji Qosai Naik and Qanpat Vishbam Jadhav. 

The work was undertaken with a view (1) to study the 
reactivity of the hydrogen atoms of a methylene group 
situated between two carbonyl groups as in the case of 
substituted amides of malonic and methylmalonic acid, and 
(2) to throw light on the debated and vexed question of the 
constitution of sulphur dichloride. 

The existence of a definite compound of the composition, 
SClj has been repeatedly called in question (.1. Ghem. Soc„ 
1870, S3, 455, 1871, S4, 1163, Compt. rend. 1878, 86, 664; 
Bui, Site. CJn'm., 1886, 45, 867). SCIj has been regarded by 
some as a solution of chlorine in sulphur monochloride and 
by others as a compound in the state of partial dissociation. 
Costa {Onszettn, 1890, SO, 367) determined cryoscopically the 
molecular weight of the reddish brown liquid obtained by 
saturating the monochloride with chlorine below 0” and then 
removing the excess of chlorine by a current of carbon 
dioxide. The results of the determinations of molecular 
weight in benzene and in acetic acid solutions agree with the 
formula SOI,. This view was challenged by Ruff and Fischer 
{J3er., 1903, 86, 418} who assert that they got no evidence of 



tho exiBteuoo of the oomponml SClg when they exaininetl 
the composition of the liquid and the vaponrs at tempera- 
tures between — 10*C and 0*. Bseseken {Bee. Irav, chim., 
1905, iirl, 209} obtained diphenyl sulphide by the interaction 
of sulphur diohloride with benzene in the presence of an- 
hydrous aluminium chloride at 0°. This supports the view 
that at low temperatures sulphur dichloride possesses the 
formula SOI,. At 60", however, the reaction takes .'i different 
course, chlorobenzene and thianthrene being the products 
formed. This is attributed to the decomposition of sulphur 
diohloride into the monochloride and chlorir e," the latter 
then attacking the benzene nucleus. 

lleokinaun and his collaborators {Xeil. pliysikal. ('hettu. 
1909, 65, 289) determined the molecular weights of the 
monochloride and (he diohloride. They found that in 
liquid chlorine, at its boiling point, sulphur monochloride 
and sulphur diohloride have the molecular weights 
corresponding to the formula' 8,01, and SGI, respectively. 
They also arrived at the formula SCI, by means of 
oryosoopic determinations in xylene, jAxylene, ethylene 
dibromide, acetic acid and bromine solution. These 
results seem to have been con6rmed by the work of 
Bergmann and Bloch {Bet'., 1920, 5:i, [B], 977). 

Malonanilide and malon di-o-tolylamide interact with 
SCI, as follows • 

RNH.CO RNHCO S— Cl 

>CH,.h2SCl,-^ >C< +2HC1 (1) 

RNH.CO RNHCO S~C1 

where R stands for the phenyl or the tolyl group. 

In the case of both methyl-malonanilide and methyl- 
malon di>o-tolylamide only one hydrogen atom in the reac- 
tive — CH,— feronp is available for interaction with sulphqr 
diohloride, thus 



RNH.CO H RNHCO S— Cl 

>C< +SC 1 ,_^ >C< +HC1(II) 

RNH.CO CH, RNHCO CH 3 

where R reprosents either the phenyl or the tolyl group. 

From the above it will be evident that the total negativity 
of the adjoining group, •CO>NHR (where R is either phenyl 
(•r tolyl) which influences the reactivity of the hydrogens of 
the methylene group is practically the same, and hence the 
reaction should follow the same course. ]i!xperiments have 
justified this. 

It also appears that both the hydrogens of the methylene 
group in compound (I) are simultaneously attacked by sul- 
phur dichloride. This is in contrast with what happens in 
the case of sulphur monochloride, where one molecule of 
the substituted amide reacts with one molecule of sulphur 
monochloride and not two (Naik, J. Qhem, Soc., 1921, 119, 
379). Thus in the case of sulphur monochloride the reaction 
follows the course ; — 

RNHCO H CIS RNHCO S 

>C< + I >C< I -H2HC1 (III) 

RNHCO H CIS RNHCO S 

where R is either the phenyl or tolyl gronpt 

It is interesting to observe that, in general, the dithio* 
ketones obtained by the interaction of sulphur monochloride 
with some of the substituted amides are extremely stable 
(Naik, J. Cliem. Soc., 1921, 119, 1231), whereas the compounds 
obtained by the action of sulphur dichloride are unstable, 
when treated with fuming nitric acid. In the case of com- 
pound (I) the reaction proceeds as follows : — 

RNHCO S— Cl nitration Ri(NO,)NHCO 

>C< — » . >CH. 

RNHCO S— Cl Ri(NOe)NHCO 

where .R]^ stands for phenylene or tolylene group. 

7 
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The products obtained from malon di-n-propylamide and 
malon di-naphtbylamides (oc — and |6— } belong to the same 
class. The reaction follows the course given below : — 

RiNHCO H RiKHCO H 

>C< >C< +HC1 (IV) 

RiNHCO H+Cl— S— Cl R,NHCO S— Cl 

(IV) 

where R^ stands for propyl group. 

RNHCX) H RNHCO H 

>C<H+C1~S— Cl-~» >C< +HC1(V) 

RNHCO RNHCO S— Cl 

(V) ‘ 

Where R stands for oc- or jS-naphthyl group. 

Here the total negativity of the group •CO>NHR (where R 
is the propyl or naphthyl group) is reduced to a level which 
admits of the reactivity of only one of the hydrogens of the 
methylene group. In such cases it is bnt natural to expect 
the above course of the reaction. 

These compounds aie also unstable and lose all their 
sulphur and chlorine when nitrated, thus 

RNHCO H Nitration R^(NO*) 

>C< — > >CH. 

RNHCO S-Cl Ri(NOj) 

where R^ stands for naphthylene group. 

Finally, in the cases of malon di-p-tolylamide, malon 
di-bensylamide and methyl-malon-(li-}>-tolylamide the reac- 
tion with sulphur dichloride procoeds further and very 
unstable compounds containing excess of chlorine are pro- 
duced. In the case of methyl-malon-di-p-tolylamide the 
methyl group also is attacked, thus 

RNHCO H RNHCO Cl 

>C< -h2SCl. » >C< -H2HC1+S (VI) 

RNHCO H * RNHCO SCI 

where R is a p-tolyl or benzyl group. 

CtHtNHCO CHg C,H,NHCO CH, 

>C< -f-2SCl, « >C< I +2HC1 

CtHtNHCO H CtHtNHCO S 

.. A 

. Cl Cl 

(VII) 
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The above products are stable only in a desiccator over 
sulphuric acid. In moist air they decompose, the original 
amide being obtained, with the evolution of hydrogen chlo* 
ride and deposition of sulphur. It is interesting to observe 
that the tolyl compound (VI) on nitration loses all its sul- 
phur and chlorine forming 

[(N0,)C,H6NH.C0],CH, 

The constitutions assigned to the above compounds follow 
from the following considerations 

(1) That* the hydrogen atom or atoms attacked by the 
dichloride are not those from the aromatic nuclei is evident 
from the course of the reaction in case (IV) where no such 
aromatic nuclei are present. 

(2) The two hydrogen atoms eliminated are not those 
which were originally attached to the two nitrogen atoms; 
because, if that was so. the conrso of the reaction in every 
case ought to have been the same, for every one of the amides 
has two available -CO'NHK groups. 

(3) On reduction with alkaline bydrosnlpbide, say, in 
the case of (I), the original amide is obtained, 

(01S),C:(C0NHC,H,),.|-4H,=CH,(C0NHCTHr),+2H01+2H,S 

(4) That the original amide is obtained in the case of 
(VI) and (VII) in the presence of even a trace of moisture is 
sufficient to show that the reaction takes place with the 
hydrogens of the methylene group; because, if the interaction 
had taken place with the hydrogens of the aromatic nucleus, 
the substituted halogens could not be easily removed with 
water. 

Apart from the light which the study of these reactions 
throws on the reactivity of the group, C 0 -CH 2 -C 0 , another 
and a very important bearing of this work Is in relation to 
the constitution of sulphur dichloride. The previous work 
done by one of ns (Naik, he. at.) has tentatively* shown that 
sulphur monochloride reacts in two forms : * 
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Cl-S 

I 

Ol-S 


Cl 

SsS< <II) 

Cl 


and it is only in the case of (I) that stable disnlphides are 
obthine'di It was suggested in the beginning that snlphur 
diohloride is a mixtnre of monochloride and chlorine, or of 
tetrachloride and monochloride {Ber., 1903, 36, 418). If this 
had been the case, in none of the above reactions could there 
have been a possibility of obtaining a definite class of com* 
pounds. The monoohloride which was supposed to be one 
of the constituents which go to form the diohlorid,e, ought' to 
have contributed stable dithioketones, as was found out by 
Naik (loc, cit,). The other constituent of sulphur dichloride, 
viz., chlorine ought to have easily chlorinated the aromatic, 
nucleus, and given aromatic chloro-compounds. But in no 
case were nuclei substituted halogen derivatives obtained. 
On the other hand, the compounds obtained possessed a 
separate identity of their own. It is, therefore, beyond doubt 
that snlphur dichloride did neither react as a mixture of 
snlphur tetrachloride and monocbloride, but it is a definite 
chloride of sulphur having the formula 8CI,. 


Expebihental. 


ThC' reactions were carried out in benzene solution. Under 
the conditions ol' the experiments there was no interaction 
between the solvent and the sulphur dicbluride. In most 
cases the product of reaction separated from tbo cold solu- 
tion in the crystalline form. Dry materials were always 
used, and when a reaction mixture had to be loft overnight, 
precautions were taken against the entrance of moisture. 

' Svlpkur Diehloride and itaUmninilide 

Malon anilide (3 g.) was mixed with dry benzene (20 c.o.), 
and. sulphur dichloride (6g.) was added to the mixture. The 
reaction starKxl at once and hydrochloric acid gas was 
uvolveds Thu flask was corked v ith calcium chloride tube 



to avoid moisture and was left overnight Next day it was 
heated under reflux over a sand-bath for four hours As soon 
as benzene began to boil, copious fumes of hydrochloric acid 
gas were thrown out. The clear solution on standing 
deposited feathery needle-shaped crystals. They were filtered 
and washed with dry petroleum. They- twere found to be 
very soluble in acetic acid, fairly soluble in alcohol, benzene 
and chloroform, sparingly soluble in light petroleum. On 
crystallisation from benzene the substance melted at 164-165*. 
(Found: 01=18*69; 8=16*72. CitHiaNgOjeSgClj requires 

01=18*35; 3=16*54 per cent.). 

Nitration . — The compound (1 g.) was gradually added to 
fuming nitric acid (7 c.c ). Nitrogen peroxide came off and 
the mixture became hot. After some time air was blown 
into the acid to remove the fumes of nitrogen peroxide. The 
colourless liquid was then slowly added to water, when a 
yellow Solid separated. It was filtered and washed completely 
with water. It shrank at 81* and melted with decomposition 
at 90®, (Found: N=16*10. CjjHj 2 N 40 e requires Nsl6<28 
per cent.). 

StUjphur Diafdoride and MaUni-di-OmUdylomide. 

Malon-di-e-tolylamide (.2 g.) was mixed with dry benzene 
(20 c c.), and sulphur dichlorido (5 g.) was added to the 
mixture. The reaction was vigorous and copious fumes of 
hydrogen chloride were formed. The mixture; was retluxed 
over a sand-bath for three hours. On standing the clear 
liquid deposited white silky needles They were filtered and 
washed with dry petroleum. They were soluble in benzene, 
alcohol, acetone, carbon tetrachloride and chloroform, and 
sparingly soluble in ether and petroleum. They were crystal- 
lised from hut benzene: m. p 160-161®. (Found: 01 = 17*34; 
8-15*55. 0j7HieN,0,8,01, requires 01=17*11; 8-15*43 
per cent.) 

Redwtioii , — The substance (1 g.) was dissolved in alcohol, 
and 10 c. c. of an aqueous solution of sodium hydrogen 
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aalphide (A solution was made by satnratiug 1>5 g. of caustic 
soda with hydrogen sulphide in a small quantity of water. 
To it caustic soda (5.7 g.) dissolved in a small quantity of 
water was added and the whole made np to <^0 c. c.) was 
gradually added to it. when a brown solution was obtained. 
The solution was diluted with water, and the solid obtained 
was washed with water. It was crystallised from glacial 
acetic acid; m. p. 190.191*. It contained neither chlorine 
nor sulphur and was identified as the original amide. 

Nitration . — The compound (1 g.) was gradually'' added to 
10 c. c. of fuming nitric acid when fumes of nitrogen pero* 
xide wero thrown out. The liipiid, after sometime, was 
warmed a little on a water-bath. After blowing air through 
the acid, the nearly colourless liquid was diluted with water 
and the reddish mass obtained was filtered and washed with 
cold water. It shrank at 7.0* and melted with decomposition 
at 85*. (Found: N =14.88. requires N = 15.0.5 

per cent.). 

Sulphur DiohUyrido atvd Metfiyl-malonanUide. 

Methyl malonanilide (2 g.) was added to dry benzene 
(15 0 . c.), and sulphur dichloride (4 g.) was then added to 
it. The reaction mixture was finished up as in the preced- 
ing case. The solid was soluble in acetic acid, alcohol, 
acetone, benzeno and chloroform, and sparingly soluble 
in other and petroleum: m. p. 132*. (Found: GlslO.39: 
S « 9*27, CigHisNjOjSCl requires Cl = lO-fil; S = 9.56 
per cent.). 

Sulphur Dichloride and Mtihyhmfdm-di o-Ui/^iomido, 

Methyl-malon-di-o-tolylamide (2 g.) was put in 15 c. c. 
of dry benzene and sulphur dichloride (4g.i was added to 
it. The reaction mixture was heated under refiux over a 
sand-bath for three hours, after keeping it at ordinary 
temperature for some time. On standing, same crystals 



were deposited and more solid was obtained on dilution with 
dry petroleum. The mass was crystallised from benzene; 
m. p. 1.50® (Found : Cl -.9.39; S = 8 . 6 » CjgHigNjOjSCl 
requires Cl *9.79; 8^8.82 per cent.). 

Suifhur Diehhride and Mcdon-di-oc-naphthylamide. 

Malon ili-oc>naphthylamide (3 g.) was added to 20 c. c. 
of dry benzene. Sulphur diohloride (7 g.) dissolved in a 
little benzene was then added to the mixture. After some 
time, the mixture was refluxed over a sand-batb for three 
hours wfieu hydrogen chloride ceased to evolve. When 
benzene began to boil, tho liquid assumed green colour. 
On standing the solution deposited a solid which was filtered 
and washed with dry petroleum. The white mass soon 
began to be blue on the surface. It was thereforo put in a 
desiccator. It was crystallised from benzene. It became 
blue. It was soluble in acetic acid, acetone, benzene and 
carbon tetrachloride, and sparingly soluble in ether 
and petroleum. It melted with decomposition at H.5®. 
(Found: Cl =8.6.3; S =8.09. C. 23 H, ^NjOjSCl requires Cl = 8.44; 
S»7.6 per cent.). 

Sulfhnr Diohloride and Malon-di-^-naphthylcmide. 

The amide (5 g.) was added to .50 c. c. of dry benzene 
and sulphur dichloride (10 g.) was added to it. Hydrogen 
chloride was at once thrown out. The mixture was refluxed 
over a sand-bath for four hours, but the product was inso- 
luble in benzene. On cooling the solid was filtered and 
washed. It was sparingly soluble in alcohol, acetone and 
ether, and fairly soluble in boiling acetic apid, from which 
it came down as an amorphous yellowish powder. It melted 
with decomposition at 230" — 31®. (Found: Cl =8.55; 8=7*37. 
^ssHitNjOjSCI requires Cl =8*44; 8 = 7*61 per cent.). 

Nitration . — The compound (1 g.) was gradually added to 
10 0 . c. of fuming nitric acid. Copious fumes of^nitrogen 
peroxide were thrown out. The mixture was heated on a 
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water-bath for some time and then air was blown into the 
hot mixture to remove the fumes. It was then diluted with 
cold water and the yellowish solid obtained was filtered and 
washed. It shrank at 175" and melted with decomposition 
at 185". (Found: N = 12.4.'). requires N = 12.6 

per cent.}. 

Svlphur Bichloride and Malon-dd^n-propylomide. 

The amide (2 g.) was added to 25 c. c. of dry benzene and 
sulphur dichloride (4 g.) was then added to it. The reaction 
started at onoo and the reaction mixture became hot. The 
flask was corked with a calcium chloride tube and left over- 
night. Next day it was refluxed over a sand-bath for about 
an hour and then concentrated, when a solid was deposited. 
It was filtered and washed with dry petndeuin. On slow 
evaporation of petroleum the white solid began to smell of 
hydrochloric acid and became pasty. It was then placed in 
a desiccator over caustic soda for several days. Afterwards 
it was crystallised from dry benzene anti the solid was 
washed with a mixture of ether and petroleum. It is soluble 
in alcohol and benzene, and sparingly soluble in chloroform, 
ether and petroleum; m. p. 141—142". (Found : Cl = i;i.bO; 
S=12..50. CgHuNjOs^Cl requires Cl = 14*06; S = 12*67 
per cent.). 

Sulphur Didiloride and MaUm-di-p-tolylamide. 

The amide (4 g.) was mixed with 25 c. c. of dry ben- 
zene and sulphur dicbloridc ( 8 g. ) was .added to the 
mixture. The leaction started at once with the evolution 
of hydrogen chloride. Tbo flask was corked with a 
calcium chloride tube and left overnight at room tempera- 
ture. Next day it was refluxed over a sand-bath for about 
four hours. On cooling the clear solution deposited white 
crystals which were filtered and washed with dry petroleum. 
They wore soluble in acetic acid, alcohol, acetone, benzene, 
ogrbop disulphide and chloroform. The solid was crystal- 
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Used from benzene; m. p. 158*. (Found: CI*18'16; S=8»78. 
C3 fHiaNjOsSCIe requires 01sl8>54; S3 b 8>85 per cent.). 

The compound when put in ordinary air was found to 
smell of hydrochloric acid after some days. This went on for 
about two months, after which period the compound assumed 
a yellowish tint. It was insoluble in benzene and was 
crystallised from glacial acetic acid; m. p. 247*. It was 
found to contain neither sulphur nor chlorine and was 
identified as the original amide. The compound is stable 
when put bi a desiccator over concentrated sulphuric acid. 

Nitration : — The compound (1 g ) was gradually added 
to 8 C.O. of fuming nitric acid. Fumes of nitrogen peroxide 
were thrown out when the substance was being added. After 
some time air was blown into the acid and the nearly colour- 
less solution was diluted with water, when a yellow mass was 
obtained. It shrank at 85* and melted with decomposition 
at 120*. (Found: N=14»72. CiTHieN40e requires Nsl5*05 
per cent.). 

Svlplmr Dichloride and M(ilon-di-benzylam>ide, 

The amide (.*1 g.) was taken with 25 c.c. of dry benzene 
and sulphur dichloride (6 g.) was added to the mixture. The 
reaction mixture was corked with a calcium chloride tube and 
left overnight at room temperature. Next day it was refluxed 
over a sand-bath for six hours when hydrogen chloride 
ceased to evolve. The clear solution on standing deposited 
white silky needle-shaped crystals. They were filtered and 
washed with dry . petroleum. They were soluble in acetic 
acid, alcohol, acetone, benzene and chloroform. The mass 
was crystallised from boiling benzene, m. p. 149 — 150*. 
(Found: 01=18-26; S«8.82. C„HieNjOgSCls requires 

01=18-54; S=8-35 per cent.). 

This product also decomposed as in the cage of malon 
di-j2>tolylamidc and the original amide was obtained v this 
case too. 

8 
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Mphur DiaUmde and Methyl-malon-dirp4<^(mi46. 

Tho amide (4 g.) waa put in 25 c.c. of dry benzene and 
aulphnr dichloride: (8 g.) was added to the mixture. The 
flask was corked with a calcium chloride tube and left over- 
night at room temperature. Next day it was refluxed over a 
sand-bath for three hours. The clear solution on standing 
deposited crystals. They were filtered and washed with dry 
petroleum. They were soluble in acetic acid, alcohol, 
benzene, acetone and chloroform, and sparingly soluble in 
ether and petroleum. The mass was crystallised from benzene, 
m. p. 157—158®. (Found; 01=18*23; 8=7*88. CihHi#NjO*SCU 
requires 01=17*88; 8=8*06 per cent.). 

This compound also decomposed as in the two previous 
cases. The decomposition product was insoluble in benzene 
and therefore it was crystallised from glacial acetic acid, 
m. p. 240®. It was identified as the original amide. The 
compound was stable when put in a desiccator over concen- 
trated sulphuric acid. 

Chemical Laboratorn, 

Barmla Colleije, 

( Reprinted from the Journal of the Indian Chemical Society, 

Vol, III. (use No. 4. ) 



/-^.-Interaction of Sulphuryl Chloride Mrith Substances 

Containing the Reactive Methylene (CH2) Group. 

Bv Kuverji Qosai Naik and Mohanlal Laxmidas Shah. 

Tho reactivity of the hydrogens of a methylene (— CH,— ) 
group in compounds containing — CO«CHii‘CO — and 
0 N»CH 2 *C 0 — has been taken advantage of in nnmerous 
condensations. Some light has been thrown on the factors 
which govern the reactivity of tho methylene group, in 
substituted malonamides, with tho help of sulphur mono- 
chloride (Naik, J. Cliem. Soc., 1921, 119 , 379; 1921, 119 , 1231; 
(Naik and Avasarc, ibid, 1922, 121 , 2592; Naik and Patel, 
J, Indinn Cltenu 80c., 1924, 1 , 27). It was decided to carry 
this subject further by studying the interaction of substituted 
malonamides and sulphuryl chloride. The results show that 
sulphuryl chloride can react as a chlorinating agent on the 
methylene group, and, also, in certain cases, on aromatic 
nncloi.i 

In view of chlorination having been already elTected with 
the help of sulphuryl chloride, it was expected that in the 
substituted malonamides containing aromatic nuclei, tho 
chlorine might attack both the methylene group and tho 
aromatic nucleus, and that only when the reactivity of both 

t Chlorination with anlphuryl chloride seems to have been studied 
by various workers (^«it. CA«m. von Srilttoin u. Hubner^ 1866, 2, 705; 
Dubois, Bull. Aead. roy. Belg.. 1876, 42, 126; Tohl and Eberhardt, Ber., 
1893, 24, 2940; Feratoner, Gaszttta, 1894, 24, 1 236; Wohl. D,B.-PP. 
139552,1467/1902, 160102/1902, 162394/1903; Silberrad, J. C5«m. Soe., 
1921, lit, 2029; i5id, 1922, 121,1015; Durrans, y. Chem. Soe., 1922, 121, 
44; Elber and Klemm, Ber., 1922, 99, 217; Macbeth, J. Chem. Soe., 1922, 
121, 1116; i5td, 1923, 122, 1122; Durrans, 7, CAsm. Soe., 1923, 122, 1424; 
Bulow and King, Awtalen, 1924, 429, 211; Fuchs and ^atachor, Ber., 
1924, 97 [B], 1256; Silberrad and Parke, /. OAsm. Soe., 1925, ift, 1724; 
SUberrad, J. Chem. See., 1925, 127, 2677.> 


the hydrogens of the methylene group — CH^— • was snffi- 
oiently modified by the proximity of other groups, that 
sulphury] chloride would attack the nucleus. This has been 
found to happen in certain oases. 

The main results of the interaction of sulphuryl chloride 
with various mono- and di-substituted amides of malonic 
and methylmalonic acids can be summarised as under : — 

I. Conversion qf the group — CK,— into CCl,, 

(a) without chlorination of the nucleus;, inalondi- 
phenylamido, malondibonzylamido, malondi-u-toly- 
amide, malondi-p-tolylamido; malou-dipropylamide 
and malon-mono-p-tolylamide undergo this change; 
(h) with chlorination of the nucleus; lualon-di-m- 
tolylamide, malon-mono-phenylatnide and malon- 
di-j6*naphtbylamide undergo this change. 

II. Conversion of tfu> group — CH, — into - CIICl— 

(a) without chlorination of the nucleus: malon-di- 
methylphenylamide undergoes this change; 

(/>) with chlorination of the nucleus: malon-di-c<-.- 
naphthylamide undergoes this change. 

Ill* Conversion of t/te group — CH(CH 3 )— jn/u CC1(CIT,C1): 
methylmalondiphenylainidfl.methylmalon-di-u-toly. 
lamide and methylmalon-di-p-tolylamido undergo 
this change. 

r;C-j:Type I. (rt). Malondiphouylamide reacts with sulphuryl 
chloride as under 

(PhNH.CO)eCII,+2Cl,SO, =»(PhNII.CO)gCCl,-|-2HCl -i.2SO, 

(I) 

That the substance produced from malon diphonylamido has 
the constitution follows from the facts enumerated below :— 

(1) The two hydrogen atoms that are replaced by chlo- 
rine, are not supplied by the phenyl group because (a) a 



similai^ diohloroderivative is obtained from malondipropyl- 
amide; (h) the chlorine atoms can bo replaced again by 
hydrogen with production of the original amide by the action 
of sodium hydrosulphide (Brand, Ber., 1906, 42 , 3464), and 
by potassium iodide and hydrochloric acid (Meyer, Annalen, 
1911, 380 , 212). 

(2) Tbo hydrogen atoms tb;it are replaced by chlorine are 
not attached to the nitrogen atoms, because malon-dimethyl- 
anilide, where there is no hydrogen attached to the nitrogen, 
yields a monochloro-derivativo. 

Typo I (6). In the case of malon-m-tolylamide, the reac- 
tion was more vigorous (giving rise to a tctrachloro-deriva- 
tive) than with the corresponding o- and p-compouuds. 

C,H,.NH.CO),CHj + 4SO*Clg=(C,H6Cl.NII.CO),CClj 

-f4HCl+4SO, 

Of the four chlorine atoms present in this compound, two 
are attached to the methylene carbon as is evident by the 
reduction with potassium iodide and concentrated hydro- 
chloric acid. The other two halogen atoms which are pre- 
sent in the compound, even after reduction, may bo present 
either in the ortho- or para-position to the amino-group in 
the aromatic-nucleus. 

On studying the behaviour of raalon-di-/3-naphthylamide 
with sulphuryl chloride, there was a copious evolution of 
hydrogen chloride and sulphur dioxide. The tetraohloro- 
compound thus formed lost, on reduction by the above 
method, two atoms of chlorine, which were attached to the 
methylene carbon. Malon-monophenylamido exhibits a 
similar reactivity, and the reaction proceeds as under : 

NHj.CO NH.CX) 

>crrj+3S0gCij= >cci.+so.+3hci 

Cellg.NH.CO C,.n^Cl.NH.CO 

Type II (a). The interaction of malon-dimothylphenyl- 
amido with sulphuryl chloride results in tho production of a 
monochloro compound. 
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[CH3(OeH5)N.CO],CH,+SOA»[CH3(CflHg)N.OO],OH01 

+HC1+S0, 

In spite of the two hydrogen atoms of the mothylone 
group being available only one is attacked. This course of 
the reaction is not an abnormal one, as is evident from the 
work of Naik ( he. cit. ) and West ( J. Glmi. Set.'., 1923, 
121 , 2196). 

Type II [h). When cc-naphthylamide was made to react 
with Bulphnryl chloride in the ratio of 1 : 3, a trichloro- 
compound was obtained. 

CioH,.NH.CO),CH*+3Cl.SOj=(CiuHfiCl.CO),CHCl + 3IICl 

+3SOj. 

That in this trichioro-compound, only one chlorine is 
attached to the methylene carbon, and the other two are 
substituted in the aromatic nuclei, is shown by the study of 
its reduction with potassium iodide and hydrochloric acid. 

It is curious that maton>di>oc-naphthylamide gives a 
trichloroderivative, whereas the corresponding /S-coinpound 
gives a tetraohloro*derivative under similar conditions. That 
the difference between the behaviour of c>c -naphthyl com- 
pounds and /3-naphthyl compounds is general was noticed 
by other workers (Whiteley, .1. Ctwm, 1903, 83, 24), and 
■was attributed to various reasons (Weinberg, 1924, 

54[B],2168). 

Type III. Farther, it was desirable to see if the same 
type and reactivity persisted amongst the corresponding 
derivatives of methylmalonic acid. Here one of the hydrogen 
atoms of the methylene group is replaced by the methyl 
group, so that a monochloro derivative might be expected on 
interaction with sulphuryl chloride. Yet, in the three cases 
that were studied, dichloro-derivativcs were formed. On 
reduction of these by the usuai method it was found that 
both th%ohlorine atoms wore replaced by hydrogen. Hence 
the second chlorine atom must have entered the mpthyl 



[ 63 ] 


radicle. If the second chlorine atom had entered the ben* 
zone nnclens, it could not have boon reduced by the above 
method, nor could it have come in place of the hydrogen of 
the imino ( — NHR— ) group, as was pointed out previously. 
Thus ; 

(R.NH.CO),CH.CH,+2SO,Clj«(R.NH.CO),CCl.CH,Cl+2HCl 

+280, 

where R represents cither a phenyl or a tolyl group). 

• 

The above dichloro-compounds showed no trace of any 
free hydrogen chloride contained in them; for, when they 
were shaken with water, the filtrate gave no reaction with 
silver nitrate. Examples of chlorination similar to this are 
known («;/. Willgerodt and Durr, 7*'/’., 1887, 20, 539). The 
mechanism of this interesting course of chlorination is 
discussed later on. 

Coming to the question of reactivity of the hydrogens of 
the methylene group in grouping such as — CO*CH,.CO--, 
CN<CH,>00— etc., it is interesting to note that the experi- 
ments described here afford clear evidence that the interac- 
tion of snlphnryl chloride with compounds containing the 
metbyleue radicle depends on the total negativity of the 
groups attached to the two remaining valencies of the carbon 
atom {loc. cit.) If those valencies carry neutral groups such 
as •CO'NH,, as in malonamide no interaction occurs with 
snlphuryl chloride. If, however, the neutral character of 
either or both of the carboxylamide groups is disturbed by 
the entrance of phenyl, tolyl, etc., interaction with snlphnryl 
chloride readily occurs. 

The reactivity of snlphuryl chloride with malonic 
ester, acetoacetic ester, cyanacotic ester etc., has been 
studied by Macbeth J. CJtem. Soc., 1922, 12l, 1120; 1923, 
123, 1125), who obtained chloro-compounds. In all snob 
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cases, tho reactiyity of the snlphnryl chloride with 
esters was found to be groat, certainly greater than the 
reactivity of the corresponding ainido and Snbstituted amido 
derivatives. 

Although no definite measurements have as yet been 
made, it is evident that the speed of the reaction depends on 
the total negativity of tho attached groups. For example, 
sulphuryl chloride reacts more vigorously with compound 
(m, R=Ph) than with (f/, R=Tol) whilst the reaction with 
the ester itself is tho most vigorous, even taking place at the 
ordinary temperature. So in a series like. 

(t) CHj.(CONH,l, 

(ii) NH2-C0.CH,.C0.NHR (R=Ph, Tol etc.) 

(tit) Cn“.(CONHR), 

(iv) CH,.(COOCJIi)j 

the reactivity which is*absont in (t) is found in (n) and goes 
on increasing through tho series (Naik, he. cit.). 

Tho reactivity of the CHj group may bo referred to 
(a) polarity (Macbeth and his collaborators, J. Chem. Soc., 
1928, 121 , 892, 904, 1109, lilt;, 2163, 2.W7, 2601; 192.‘{, 123 , 
124, 1122; 1925, 127 , 892, 1118), {h) to keto*enol transforma- 
tion (Thorpe and his collaborators. J. Chmi. Soc., 1911, 99 , 
2183; 1921, 119 , 1203; 1922, 121 , 1896), or (c) to tho combined 
infiuences of polarity efiocts, steric infinence and structural 
characteristics such as would give rise to keto-enol transfor- 
mations (West, J. diem. See.. 1924, 125 , 710). 

Tho reactivity of the compounds investigated herein can 
be explained on tho basis of keto-enol transformation. In 
the cases where both the hydrogens of the mcthyleno group 
are replaced by chlorine atoms, the substanco, according to 
■ Norris and Thorpe (J. C/jew. Sw., 1921, 119 , 1203), assumes 
an enolte form. Thus in the case of formation of compound 
I, the course followed can be represented thus; , 



PhNH.C0.CH2‘C0.NHPh— »PhNH.CO.CH: C(OH).NHPh 
Cl, 

— »PhNH.CO.CH:C{OCl).NHPh 
QDStablo 

— >PhNH.CO.CHCl.CO.NHPh. 

By a similar series of changes the final product is the 
dichloro'compound, CCl,(CONHPh),. 

In the case of malon-dimethylphonylamide, only one 
hydrogen is reactive. It appears that after one of the two 
hydrogen ajoms has reacted, the other becomes slnggish, 
only a monochloro-componnd being obtained. West (loc. 
dt,) has shown that farther chlorination of this amide is not 
possible on passing more chlorine. This slnggishness of the 
second hydrogen atom can bo explained as being due to the 
stability of the koto-form as in the case of acotyl acciono 
(Norris and Thorpe, loc, dt,), which gives a monobromo-com- 
pound, (CH3*C0),0HBr. Further bromination does not take 
place. 

In some cases, however, enolisation involves a hydrogen 
atom of a terminal methyl group. For example, in the case 
of methylmalondiphenyl amide, after the group — C(CH 3 )C 1 
has been formed, enolisation involves a hydrogen atom of the 
methyl group: 

CH, CH, OH 

1 >C< 

— » CIC NHPh 

I 

CO.NHPh 
enolic form 

CH,C1 

Cl— J— CO-NHPh 

I 

CO.NJIPh 

Such a change due to the enolisation of a terminal methyl 
group was noticed by Hantzscb 1894, 27, 356, 3168), 


Cl.C— CO.NHPh 

I 

CO.NHPh 

CH, OCl 
I >C< 

Cl— C NHPh 

I 

CO.NHPh 

unstable 
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Expsbimental, 

DiokhrorntJandipIm^yh^^ 

Malondiphenylamide (2 g.) was made to react with 
anlphnryl chloride (2*25 g.) in presence of dry benzene 
(50 C.C.). The mixture was refluxed for four hours over a 
water-bath. Dense fumes of sulphur dioxide and hydrogen 
chloride wore evolved. When the reaction was over, the 
solatiun was filtered hot and the filtrate, on cooling, deposited 
a white crystalline mass. This was filtered, washed repeatedly 
yrith dry petroleum to free it -from excess of sulphuryl 
chloride, and crystallised from hot benzene, m.p. 127^ 

It is fairly soluble in acetone, chloroform, ethyl acetate 
and nitrobenzene, sparingly so in benzene, alcohol, toluene, 
acetic acid and carbon tetrachloride, and insoluble in light 
petroleum. (Found: Cl, 21.8, C’uHijjNjO.Clj requires 
Cl, 21*96 per cent.). 

Jiedudion of the ahove Qimpnnnd with Jhjdriodic Acid . — 
The dichloro-compound (0.1498 g.) was dissolved in absolute 
alcohol (80 c c.). To the solution, potassium iodide (1*85 g.) 
dissolved in water (^0 c.c.) was added, and then concentrated 
hydrochloric acid (10 c.c.). Tho mixture was refluxed for 8 
hours at about 60". A control experiment was sot up at the 
same time with the same amount of absolute alcohol, 
potassium iodide and concentrated hydrochloric acid, for the 
same period; and from the observations in the control experi- 
ment, a correction was introduced in the observations of the 
actual reduction experiment. The substance liberated iodine 
equivalent to 19.8 c.c. of C.0971 A' sodium thiosulphate solu- 
tion. (Found: Cl (equivalent of the iodine liberated), 22*16. 
requires Cl, 21.96 per cent.). 

Rpdw'tioit of Dkhloiwnalondiphrui/fawide with ulkalinn 
Hydromiljihi(ir.—T\\Q chloride (2 g.) was added to absolute 
alcohol (20 c. c.) and refluxed for about half an hour. An 
aqueous solution of sodium hydrosulphide, prepared by 



saturating sodiam hydroxide (0>3 g.) dissolved in a small 
quantity of water with hydrogen snlphide, was gradually 
added to it. After a time the whole went into solution with 
a brown colour. On cooling a slight crystalline precipitate 
appeared. The solntiou was diluted with water (500 c.c.) and 
filtered. The substance was washed free from alkali by hot 
water. The product was then cryslallisel from acetic acid, 
and was found to be pure melondiphenylamidc, m.p. 224*225®. 

This substance was prepared from malon-dibenzylamide 
(2 g.), and sulphnryl chloride (2 g.) in presence of dry 
benzene (50 c c ) as before. It was deposited as a white mass 
sparingly soluble in benzene, from which it was crystallised 
in white shining plates, m.p. 170-171®. 

It is fairly soluble in chloroform, sparingly so in benzene, 
alcohol, acetone, toluene, acetic acid, carbon tetrachloride, 
ethyl acetate, carbon bisulphido. ether and nitrobenzene, but 
insoluble in light petroleum. (Found: Cl, 19*82. Ci,HieOa- 
N 2 CI 2 requires Cl, 20*20 per cent 

DiahloromcJan-di’O-tolyhmide. 

This substance was prepared from malon-di-o-tolylamido 
(2 g.) and sulphnryl chloride (2 g*) in the usual way. The 
white solid is sparingly soluble in alcohol, from which it 
was crystallised in white needles, m. p. 140-141®, 

It is fairly soluble in acetone, chloroform, ethyl acetate, 
carbon bisulphide and nitrobenzene, sparingly so in benzene, 
alcohol, toluene, acetic acid, carbon tetrachloride and ether, 
but insoluble in light petroleum. (Found : Cl, 20*15. 
CixHigOjNjCl, requires Cl, 20*20 per cent.). 

2)icAforoma2on-di-P'fo^^Zamt(26. 

The above compound was obtained as a white amorphous 
powder when maloh-di-jp-tolylamide (2 g.) was treated with 
snlphuryl chloride (2 g.) in the usual way. It was grystal- 
lised from alcohol in shining white noodles, m. p. 145-146®. 
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It ia fairly soluble in benzene, acetone, chloroform, 
toluene, acetic acid, ethyl acetate, carbon bisulphide, ether 
and nitrobenzene, sparingly so in alcohol and carbon tetra- 
chloride, but insoluble in light petroleum. (Found : Cl, 
20>0I. GitHiq 0,N,01, requires Cl, 20*20 per cent.). 

Diehiloronudcn ■dipropylamid$. 

It was prepared by the action of sulphuryl chloride (3 g.) 
on malon-dipropylamide (2 g.) in the usual way. The solid 
product was crystallised from benzene in shining cubes, 
m. p. 108-109*. • 

It is fairly soluble in acetone, sparingly so in benzene, 
alcohol, chloroform, toluene, acetic acid, carbon tetrachlo- 
ride, ethyl acetate, carbon bisulphide, ether and nitrobenzene, 
but insoluble in light petroleum. (Found : Cl, 27*83. 
CgHi^eOtNgCl, requires Cl, 27*82 per cent.) 

I)iehlor<maihn-morut-p-tolyla7Mde. 

It was prepared from malon-mono-p-tolylamide (2 g) and 
sulphuryl chloride (2 g.) in the usual way. A white solid 
was obtained, which on crystallisation from benzene melted 
at 145-146*. 

It is fairly soluble in acetone, ethyl acetate and ether, 
sparingly so in benzene, alcohol, chloroform, toluene, acetic 
acid, carbon bisulphide and nitrobenzene, bnt almost inso- 
luble in petroleum and carbon tetrachloride. (Found : Cl. 
27*1. I'oqtiii^os Cl, 27*17 per cent.). 

Preparation of Mcdm-durn'tolylamide. 

Malonic ester and pure m-toluidine were taken in mole- 
cular proportions in a flask provided with a cork, through 
which a wide tube passed. This tube was bent at the top 
and was fitted into a condenser. The length of the tube 
from the c^rk upwards to the bend at the top measured 
15 cm^ The flask was put in s paraffin-bath and maintained 
at 130-110* for four hours, when alcohol distilled off drop 
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by drop. The temperature at the end uras raised to ISO**. 
The rate of the distillation was so regulated that for every 
drop of alcohol distilled, fifteen drops of the liquid returned 
to the llask. This increased the yield of the diamide. The 
liquid w»B then transferred to a mortar, where it solidified 
on cooling. The solid was extracted with alcohol and finally 
washed with a little ether. When crystallised from acetic 
acid, it was obtained in brilliant needles, m. p. 152*’. 

It is fairly soluble in chloroform, ethyl acetate and 
nitrobenzene, sparingly so in benzene, alcohol, acetone, 
toluene, acetic acid, carbon tetrachloride, carbon bisulphide 
and ether, but almost insoluble in light petroleum. (Found : 
N, 9«8. 0i7Hif,0,N| requires N, 9*9 per cent.). 

i)t 0 & 2 (>roma 2 on-di-m*fo{ 2 / 2 amttZa dichloride. 

On treating malon-di-m-tolylamide (2 g.) with sulphuryl 
chloride (4 g.) in the usual way a white mass was deposited 
on standing. The resulting product was crystallised from 
benzene in cubic crystals, m. p. 164^ 

It is fairly soluble in acetone, sparingly so in benzene, 
alcohol, chloroform, toluene, acetic acid, ethyl acetate, ether 
and nitrobenzene, but almost insoluble in carbon tetrachlo* 
ride and light petroleum. (Found: Cl, 33>5L. C] rHi 40 }NjCl 4 ' 
requires Cl, 33*78 per cent). 

This compound was prepared from malon*mono-phonyl* 
amide (2 g.) and sulphuryl chloride (3 g.) in the same way 
as the preceding chloride After the reaction was over, the 
product crystallised immediately on cooling. On recrystal* 
Using from benzene, it yielded shining pearly plates, 
m. p. 136**. 

It is fairly soluble in acetone, ethyl acetate and ether, 
sparingly so in benzene, alcohol, chloroform, tolne^e, acetio 
acid, ^carbon tetrachloride, carbon bisulphide and nitroben* 



zone, but almost insolable in light petroleum. (Found: 01, 
37.67. CcjHjOjNjCla requires Cl, 37-80 per cent.). 

DkhloT(moJi0i>rdi^^wfhih dichloride. 

The above compound was obtained as a white amorphous 
powder, when malon-di-jS-naphthylamidc and sulphnryl 
chloride were treated in the usual way. It was crystallised 
from benzene, in which it is difficultly soluble, in shining 
crystals, m. p. 183°. 

It is sparingly soluble in benzene, alcohol, chloroform, 
toluene, acetic acid, carbon tetrachloride, ethyl acetate and 
nitrobenzene, but almost iusolublo in light petroleum, 
acetone, carbon bisulphide and ether. (Found: Cl, 29.25, 
CggHi^OiNjCl^ requires Cl, 28.8*4 per cent.). 

Monochlor<mwlon‘dimdhylphenylam>ide. 

Malondimethyl'phenylamide (2 g.) and snlphuryl chloride 
(2 g.) were made to react in the usual way described. The 
amorphous white product, when crystallised from absolute 
alcohol, yielded colourless prisms, ra. p. 187°. 

It is fairly soluble in chloroform, sparingly so in acetic 
acid, ethyl alcohol, acetone, toluene, ethyl acetate, nitro- 
benzene, and carbon bisulphide, but nearly insoluble in 
light petroleum, carbon tetrachloride and ether. (Found: Cl, 
11.44. Ci,Hj 70 ,N|CI requires Cl, 11.2 per cent.). 

This cbloro-compound was prepared by West (J. Chem, 
See., 1922, 121 , 2196) by direct chlorination of the amide. 

ChlotnmuJ^m-di-x-napUh^rMde dichloride. 

This compound was prepared from malon-di-oc-naphthyl- 
amide (2 g.) and snlphuryl chloride (2-5 g.) in the usual way. 
The mass obtained, when crystallised from benzene, gave 
pore shining cubic crystals, m. p. 182°. 

It i^ (airly soluble in chloroform and nitrobenzene, 
sparingly so in benzene, alcohol, acetone, toluene, acetic 



acid and ethyl acetate, bnt nearly insoluble in light petro< 
lenm, carbon tetrachloride, carbon bisulphide and ether. 
( Found : Cl, 23<41. C2sH]^g02N2Cl3 requires Cl, 23.23 
per cent. ). 

Chtorimiethyh-^laromalondiphnylamide. 

The above substance was prepared from methylmalon- 
diphonylamide (2 g.) and snlphuryl chloride (2 g.) in the 
usual way. The solid was precipitated from a large quantity 
of petroleum. Oa crystallisation from a small amount of 
benzene, il^gave shining pearly plates, m.p. 

It is fairly soluble in acetone, ethyl acetate, chloroform, 
ether and nitrobenzene, sparingly so in benzene, alcohol, 
toluene, acetic acid, carbon tetrachloride and carbon bisul- 
phide, bnt almost insoluble in light petroleum. (Found: C), 
21.18. Ci 8 Hj 40 ,NjCl 2 requires Cl, 21.0.') per cent.). 

Chlorimiethyl-chlorcmajlon di-o-tolylamide. 

This compound was obtained from methylmalon-di-o- 
tolylamide (2 g.) and snlphuryl chloside (2 g.) as above. The 
white solid, on crystallisation from a benzene-petrol mixture, 
gave a feathery mass, m. p. 130°. 

It is fairly soluble in acetone, ethyl acetate and nitro- 
benzene, sparingly so in benzene, alcohol, chloroform, 
toluene, acetic acid, carbon tetrachloride, carbon bisulphide 
and ether, bnt insoluble in light petroleum, (Found; Cl, 
19.8.3. C^^HisOjNgClj requires Cl, 19.43 per cent.). 

C}J4/r<methyl-^hlor(malon-di-'p-tolylamide 

The above compound was obtained as shining white 
needles, when methylmalon-di-p-tolylamide (2 g.) and snl- 
phnryl chloride (2 g.) were made to react in the usual way. 
It was recrystallised from benzene, in which it is sparingly 
soluble: m.p. 138°. 

The solubility of the chloride was of the sapae order as 
the preceding chloride. (Found: Cl, 1981, Cj^gH^gO^NjCI, 
requires Cl. 19.43 per cent.), 
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X— Interaction of Sulphur Monochloride with Organic 
Compounds containing the reactive Methylene (— CHt— ) 

Group. Formation and Properties of Dithioketones 
(RtC:S:S) and Dithioethers (RtS:S). Part IV 

BY Euvebji Qosai Naik and Yesrwant Nabayan Buat. 

The work described in this communication is a continua- 
tion of the work already published by one of the authors 
(Naik, J.C/wm.S'oc., 1921, 119,379,12:11; 1922, 121 , 2592.) 
It was then suggested that sulphur monochloride appears to 
react in two forms: 

,C1 8-01 

(t) 8=8' and («) I 

^C1 S-Cl 

Whereas the formation of stable dithio-componnds points 
to the fact that 8, Cl, appears to react in form (it), it would 
be indeed difficult to explain the formation of mustard gas 
on any other assumption than that sulphur monochloride 
reacts in form (i) (loc, cit.) : 

, (CH,C1.CH,),S:8 

2 CH, : CH,-hCl, 8:8 

(CH*CI.CH,),S-|-S 

As reported before the ditbio-grouping resulting from the 
interaction of sulphur monochloride with amides of malonic 
ester is very stable, for the resulting di-tbioketones and 
dithio-ethera could be easily nitrated with fuming nitric acid 
without affecting the dithio-gronping. 

The interactions of sulphur monochloride with (1) roalon- 
di-ethj^amide, (2) malon-di-n-propylamido, (:i) malon-di* 
isobutylamide, (4) malon-di-n-heptylamide, (5) maIon,di-m- 



tolnidide and ( 6 ) methylmaIon>di<m'toInidide and (7) methyl 
malon-dibonzylamide wore examined. Of these, malon-di- 
n-heptylamide, malon-di m-toloidido and methyl*malon- 
dibonzylamide were prepared for the first time. Whereas 

(a) compounds (1), (2), (3), (4) and (5) interacted to give 
dithioketones of the general formula 

R a 

>0< I 

R S 

(b) compound ( 6 ) gave the dithio-ether of the general 
formula, &C(CH,).S<S.G(CH 3 )R. 

Thus, R-NH-OO Cl— S R-NH-CO S 

>CH2+ I— > >0< I 

(a) R.NH.CO Cl— S R.NH.CO S 

and 

(b) (R-NH-COJaCHMe Cl— S (R.NH.CO) 2 — C(Me)S 

+ I I 

(R-NH-COaCHMe Cl— S (R.NH.CO) 2 — C(Me)S 

where R may be an ethyl, propyl, isobntyl, heptyl or tolyl 
group. 

On nitration with fuming nitric acid, the dithio'compound 
derived from (5) gave a totranitro-derivative, thus: 

S CO.NH<)tHt fuming S CO.NB.CtH,(NO,), 

I >0< > I >C< 

S CO.NII.C,Ht HNO 3 S CO-NH-C,H,'NOj), 

From this, it may be suggested that the dithio-grouping in 
compounds of the above type, may be structurally different 
from that present in j 8 j 6 ’ dichlor-dietbyldisnlphide aud such 
allied compounds. It also lends further support to the 
suggestion previously made, that sulphur monoohloride may 
react in two forms (/) and (it) and when it reacts in form 
(t), it gives rise to very stable ditbio>componnds having 
the groupings 

s S— C— 

I >C< and I 
S S— C— 

Exfebimbmtal 

Interaction of Malotudiethylamide with ^viphur Mono, 
chloride. — Maion diethylamide was .prepared by WMteley’s 
method (J. Clnsm, Sm;., 1921, ]19, 306) by the condensatiop 
W 



of ethylmalooate (16 g.) with ethylamiae (30 g. of 33 per 
cent Bolntion). It was crystalliaed from benzene, m.p. 149^ 

Malondiethylamide (2 g.) was pnt in a fiask with 30 o.o. of 
dry benzene. Sulphur monochloride (2 g.) was added to it, 
and the flask was refluxed on a sand-bath for three hours. 
Hydrogen chloride began to evolve moderately on heating. 
Within l.l minutes, a solid separated, and bumping began 
which had to bo controlled. The solid was separated by 
filtering the solution at the pump, and was washed with dry 
petroleum to remove the adhering sulphur mono<;hloride. 

It is very soluble in acetone, ethylacetate, acetic acid and 
chloroform; less so in methyl alcohol, ethyl alcohol, benzene 
and toluene; sparingly soluble in carbon tetrachloride., 
carbon bisulphide and ether, and insoluble in petroleum. 
It was crystallised from absolute alcohol. It shrinks at 186* 
and melts at 202*. (Found: N, 12.97; S. 29.46. C,H,2N,0,S, 
requires N, 12.73; S, 29.09 per cent.). 

Malon-dun-propt/lam ide and Sulphur Mmuichloride.-'SMon- 
di-M-propyhmide was prepared by Whitoley’s method {loc. 
cit.). Kthylmalonate (9.5 g.) and n-propylamine were taken 
in a sealed lube and, after 24 hours, wore heated at 135*--130* 
for six hours. The mixture solidified when allowed to 
remain at the ordinary temperature for some hours. The 
sealed tube was then opened, and the white solid was 
washed with petroleum. The m. p. of the substance, purified 
from benzene was 139*. 

The above amide (5 g.) was condensed with sulphur 
nionochloride (5 g.) in a similar way. 

The product is very soluble in chloroform, benzene, 
ethyl acetate, acetone, acetic acid and nitrobenzene; less so in 
ethyl alcohol, methyl alcohol and toluene; sparingly soluble 
in carbon bisulphide and ether; and insoluble in water and 
petrolenm. «• It was crystallised from absolute alcohol. It 
shrinlM at 172* and melts at 180*. (Found: N, 10.92; S, 25.69. 
0jHijO,N,S, requires N, 11.29; 9, 25.80 per cent.). „ 



Malon~di-iaobutylamide and Sulphur Monochloride,~M.d\Qri' 
di-isobatylamide was prepared in t^e same way as malon- 
di-n-propjrlamide, by condensing ethylmalonate (8 g.) with 
isobntylamine (7«3 g.). The product was crystallised from 
bonseno and molted at 126*’. 

The above amide (2 g.) and sulphur monochloiidu (1<5 g.) 
were condensed as in the previous cases. 

The white product so obtained dissolves readily in cbloro* 
form, acetic acid, etbylacetate, or nitrobenzene; less readily 
in benzene, toluene, methyl alcohol, ethyl alcohol and 
acetone; sparingly so in ether, carbon bisulphide, or carbon 
tetrachloride, and is insoluble in hot water or light petro^^ 
lenm. It was crystallised from absolute alcohol. It shrinks 
at 196** and melts at 202^. (Found: N, 10*43; S, 22*98. 
CiiHgoOjNjSj requires N, 10*I4: S, 23.19 per cent.). 

Preparation of Malon-di-n-hepti/lamide. — A mixture of 
n-heptyiamiuu (11*5 g.) and ethylmalonate (8 g.) was allowed 
to remain in a sealed tube at the ordinary temperature for 
24 hours, when it was found in a semi>solid condition. 
The sealed tube was then heated in a paraffin bath at 
125-130” for about 7 hours. The tube was opened when 
cool, and the white solid was taken out and washed with 

petroleum. The solid thus obtained was practically pure, 
and weighed 12 g. 

It dissolves very readily in chloroform, benzene, toluene, 
ethyl acetate, acetic acid, methyl alcohol, ethyl alcohol, 
acetone, and nitrobenzene; less readily in carbon tetrachlo- 
ride and ether; and is sparingly soluble in petroleum, and 
insoluble in water. It crystallises from benzene and melta 

at 132”. (Found : N, 9*52. CijH 340 ,Nj requires N,9.40 
per cent.). 

Mahn-di-n-heptylamide and 8td2)hur Monochlaride.-Halon- 
di-n-heptylamide (3 g.) was condensed with sulphur mono- 
chloride (1*5 g.) in the usual manner. The resnlting sub- 
stance, being very soluble in benzene, was precipitated by 
petroleum. It came out as a gelatinous white mass*whioh 
was filtered and washed with dry petroleum. 



It is very solable in benzene, ohloroform, acetic acid, 
methyl alcohol, ethyl alcohol, acetone, ethyl acetate and 
nitrobenzene; less soluble in tolnene and carbon bisnlphide; 
and sparingly soluble in ether, petroleum, and carbon 
tetrachloride. It was purified from alcohol, m. p. 125*’. 
(Found; N. 7*83; S, 17.37. requires N, 7-77; 

S, 17.77 per cent.). 

Mahtudi-m-Muidide and Sulphur Monvchloride . — The 
amide (2 g.) and sulphur monochloride (1 g.) were condensed 
as in the previous cases. 

The product is readily soluble in chloroform, acetic acid, 
ethyl acetate, acetone and nitrobenzene; less readily in 
benzene, toluene, methyl alcohol, ethyl alcohol, carbon 
tetrachloride and carbon bisulphide; sparingly soluble in 
ether and hot water, and insoluble in light petroleum. It 
was crystallised from absolute alcohol. It shrinks at 158° and 
melts at 180° to a yellow liquid. (Found : 8. 18.13. 

0,N,S, requires S, 18.60 per cent.). 

Nitration . — One gram of the above substance was added 
in a conical flask to 10 c. c. of fuming nitric acid {d 1..5). 
The flask was heated on a sand-bath until the evulntion of 
oxides of nitrogen slackened. The flask was allowed to cool, 
when a little yellow solid came down. As the solid was 
too little to be filtered through the asbestos, the solution 
was added to some distilled water in a beaker. The pre- 
cipitated solid was filtered at the pump, washed with dis- 
tilled water, and allowed to dry at the ordinary temperature 
and powdered. The powder was dried in an air oven at 
60.70°. It melts with decomposition at 166°. (Found: N, 
16.32; S, 12.27. Ci»Hi.iOioN6S, requires N, 16.03; S, 12.21 
per cent). 

Methyl mafon.(ft.m-fo/uuftVfc.— Methylmalonic eater (10 g.) 
was condensed with m-tolnidine (13 g.) in the same way as 
in the case* of the corresponding malon.derivative. The 
tompdfature, in this case, was raised to 280°. The yield was 
very poor. 
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It is very soluble in benzene, tolnene, chloroform, acetic 
acid, ethyl acetate, methyl alcohol, ethyl alcohol, acetone and 
nitrobenzene; less readily in carbon tetrachloride, and inso* 
Inble in petroleum. It was crystallised from benzene, m. p. 
157*. (Found : N, 9,86. requires N, 9»46 

per cent.). 

Methyl niaton-dum-toluidule and Sulphur Monochloride.— 
The above amide (2 g.) and sulphur monochloride (0*5 g.) 
were condensed together in the usual manner. The reaction 
in this caseiwas slower than in the case of the corresponding 
malon*di-m-toluidide derivative. 

The white product is readily soluble in ethylacetate, 
acetic acid, acetone and nitrobenzene; less readily soluble in 
benzene, toluene, chloroform, carbon tetrachloride, methyl 
alcohol and ethyl alcohol; slightly soluble in carbon bisnl* 
pbide, ether and hot water and insoluble in petroleum. It 
was crystallised from absolute alcohol, m. p. 187*-188*. 
(Found: S, 9*39. CggHg^O^N^S, requires S, 9«78 per cent.). 

Methylmalon-di-bemylamidc. — Ethylmethylmalonate (9 g.) 
and benzylamine (11 g.) were taken in a round bottomed 
flask and heated at 150-160* as in the case of other amides. 
The white product so obtained readily dissolves in benzene, 
toluene, chloroform, methyl alcohol, ethyl alcohol, acetone, 
ethylacetate, acetic acid and nitrobenzene; less readily in 
chloroform, and is sparingly soluble in carbon bisulphide, 
ether, petroleum and hot water. It was purifled from 
benzene, m. p. 142*. (Found: N, 9.66. CigHjoOjN, requires 
N, 9*46 per cent ). 

We take this opportunity to record our thanks to the 
Government of His Highness The Maharaja Gaekwar of 
Baroda for a grant which has defrayed the expense of this 
investigation. 

Okemittry Department, 

The Colleije Baroda. * 

. V 

(Repriokd (ron the Jeurnal of the Imliaii Chemical Society, VoUIV, laaae No.1.) 



XI— Condensation of Cyanacetic Ester with Some Aryl 
and Alkylamines. Preparation of some 
Aryl and Alkyl substituted 
Cyanacetamides. 

By Euvebji Qosai Naik and Teshwant Nabayan Bhat. 

The method adopted in the preparation of these com- 
pounds was a modification of that employed by Freund 
(Ber., 1884, 17, 134) and Whiteley (/. Chein. Soc., 1903, 83. 
24), in the preparation of malondiphenylamide. , 

Oyanacetaniiide [CoHjp/. rend,, 1895, 121. 189; Qnonda. 
Chem. Centrr., 1892, i. ,^83 from Atti. R. Accad. So/, Torino, 
27; Warapsky and Hillers, J. pr. Chitn., (ii), 92. 297], 
cyanacet-y-toloidido (Orotho, Arch. Pharm., 238, 608; Haller, 
Comfd. rend., 1889, 108, 1116), cyanacetbonzylamide (Ouares- 
chi, Chem. Oenlr., 1892, i, 382 from Atti R. Amtd. Sr/. Torino, 
27) and oyanacetxylidide m.p. 167*) are already known. 

(1) Oyanacet-o-tolnidide, (2) cyanacet-m-tnlnidide (.3) 
cyanacet-oc-naphthylamide, (4) cyaDacet-/S*naphthylamido,(.5) 
oyanacet-«K(;.-m-xylidide, (6) cyanacotmotbyl-amido and 
(7) cyanacetethylamide were prepared for the first time. 
The methods employed had to be varied with the varying 
basic nature of the amines, more drastic method being 
employed in the case of those amines which possessed feeble 
ammoniacal characteristics. 

Benzylamine resembles, though remotely, the paraffin 
amines and hence the method of preparing an amide, with 
the help of this amine has to be modified from that adopted 
in the previous cases. Aniline, tolnidines and naphthylamines 
possess ammoniacal characteristics to a very feeble extent 
indeed, and in their casos, more drastic methods for the 
production of the substituted derivatives were employed. 
We can thus roughly divide the preparations of the amides 
into throe d^ision : — 

A. •Oyanacetmelhylamide; cyanacetethylamide. 

* B. Oyanaoetbeozylamlde. • 



C. Cyanaoetanilide; oyaQcet>j)*toluidide; cyanacet-o- 
toluidido; cyanacet>m-tolitidide; oyanaoet<c>c-napbthylamide; 
oyanacet'jS-naphthylamido ; cyanacot-a/'/^’.-j»-xylidido. 

Of the above snbstitnted amides, cyanaoetanilide, oyanacet- 
p>tolaidide and cyanaoctbonzylamide are known, but no 
reliable details of the methods employed in their prepara- 
tions could be found. The naelting points of these substances 
fairly agree with those reported and tho analyses confirm the 
percentage of nitrogen required, 

Expbbimektal. 

Preparation of ifubsHt'uted Amides of Cyanacetio Eeter, 

In the preparation of snbstitnted amides of the aromatic 
series Whiteloy’s method (J. Chem. Soc., 1903, 83, 24) with 
the modification described by Naik (J. Chem, Soc,, 1921, 119, 
379) was followed. 

Cyamcetanilide , — Ethyl oyanacetate (37 g,) and pure 
redistilled aniline (45 g.) w ore mixed together in a round- 
bottomed ilask provided with a wide upright bent tube, one 
end of which passed through a cork in tho mouth of the fiask 
and the other end was attached to the condenser. The flas k 
was kept at 160” — 170” for six hours. The height of the 
upright portion of the bent tube was so adjusted that for 
every drop of alcohol distilled over, a dozen drops of the 
liquid wont back to the flask. This was to avoid any of the 
reacting liquids coming over unchanged. The temperature 
was slowly raised to 180” till no more alcohol came over. 
The contents of the fiask, when hot, were then poured into 
a porcelain mortar where the whole solidified. The colour 
of the liquid when taken out of tbe bath was red. The solid 
cake was broken and triturated with a mixture of equal 
volumes of benzene and light petroleum, and filtered at the 
pump. The process was repeated until the reddish colour of 
tfie solid dis appeared. The yield was 66 per cepl. 
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Oyanaoetanilide ia readily solnble in methyl alcohol, 
ethyl alcohol, acetone, acetic acid, ethyl acetate and nitro* 
benzene; and inaolnble in light petrolenm (b. p. 50*60*), 
carbon tetrachloride, carbon disulphide and xylol. It was 
orystalliaod from alcohol as white needles, m. p. 198*199*. 
(Fonnd: N, 17*63. CsEgNjO requires N, 17*50 per cent.). 

GyaruicetjpdoluiduJi. — Cyanacet-j>*tolnidide was prepared 
from ethyl cyanacetate (120 g.) and freshly distilled ^-tolni* 
dine (21 g.) in the same way as cyanacotanilide. 

The white product so obtained is readily soluble in 
methyl alcohol, ethyl alcohol, acetic acid, ethyl acetate, 
acetone and nitrobenzene, less so in benzene, tolnene and 
chloroform; sparingly soluble in carbon tetrachloride and 
hot water, and insoluble in ether, light petrolenm and carbon 
bisulphide. It was crystallised from alcohol, m. p. 180*. 
(Fonnd: N, 15*71. G]^oH]^oN20 requires N, 16*09 per cent.). 

CyanaceUoJoluidide . — Ethyl cyanacetate (.34 g.' and o-toln* 
idine (29 g.) were condensed together in a similar way. 

The white product is readily solnble in benzene, methyl 
alcohol, ethyl alcohol, ethyl acetate, acetic acid, chloroform, 
acetone and nitrobenzene; less readily so in carbon tetra- 
chloride, very sparingly soluble in hot water and petroleum, 
and insoluble in carbon bisulphide and ether. It was crystal- 
lised from alcohol as thin plates, m. p. 125* (Found: N, 
15*90. CioHioN. 20 requires N, 16*09 per cent.). 

Cyanacet.m-toluidide . — Ethyl cyanacetate (15 g.) and 
» 2 -toluidine (13 g.) were condensed in the usual manner. 
The solid was triturated and washed with ether. 

It is readily soluble in methyl alcohol, ethyl alcohol, 
acetic acid, ethyl acetate, acetone and nitrobenzene; less 
readily in benzene, toluene, chloroform and hot water; 
sparingly soluble in carbon tertracbloride, carbon bisulphide 
and ether; ^nd insoluble in petroleum. It separated from 
benzqpe in the form of white neeJloj, m. p. 1.32*. (Found; 
N, 16* '25, CipHn,N20 requires N, 16*09 per cent,). 



(yi/anncpt.'yz.nii.pldkifiamuh . — Ethyl cyanncotato (22 g.) and 
oc-naphthylamino (25 gO were similarly condensed. The 
prodnot was finally washed with alcohol nntil the reddish 
colour of the solid was removed. 

It is froely soluble in ethylacotate, acetic acid, acetone, 
and nitrobenzene; less soluble in methyl alcohol, ethyl 
alcohol, benzene, toluene and chloroform; sparingly soluble 
in carbon tetrachloride, carbon bisulphide, petroleum, 
ether and hot water. It was crystallised from acetic 
acid, m. p* 175*. (Found: N, 13.G5. CjgHjQNjO requires 
N, per cent.). 

Cynnacet-^-naphthylamifln . — Ethyl cyanacetate (25 g.) and 
j8>naphthylamino (22 g.) wore condensed as in the previous 
cases. 

The white solid so obtained is very soluble in ethyl 
acetate, acetic acid, acetone and nitro-benzeno; less so, in 
benzene, toluene, chloroform, hot water and methyl alcohol, 
ethyl alcohol; sparingly soluble in carbon tetrachloride, 
carbon bisulphide and ether; and insoluble in light petroleum. 
It was crystallised from alcohol, m. p. 174*. (Found: N, 13.18. 
CjsHioNjO requires N, 13..'{3 per cent.). 

0.v«nacc(-adj-m-;rj/Itf/«/e. — Ethyl cyanacetate (11 g.) and 
w/ji-m-xylidine (12 g.) were condensed in the usual manner. 
The product is readily soluble in ethyl acetate, acetic acid, 
methyl alcohol, ethyl alcohol, acetone and nitrobenzene; 
less so in benzene, toluene and chloroform and very slightly 
soluble in petroleum, hot water, carbon tetrachloride, carbon 
bisulphide and other. It was crystallised from alcohol, m. p. 
107*. (Found : N, 15-24. CuHigNjO requires N, 14*89 
per cent.). 

Gydn-acethfimulaumle . — In the preparation of this sub- 
stance. Whiteloy’s method {J. Chem. Soc.. 1921, 119 , .370) for 
the preparation of malon-di-bcnzylamide was used. 

Ethyl cyanacetate (32 g.) and benzylamine (22 g.)*wero 
pul in conical flask and refluxed gently on a sapd-batb. 
U 
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The aabstanco oondonsod readily to a yellowiah white roasa. 
The heating waa stopped after seven honrs and the solid was 
washed with a mixture of ben sene and petroleum ether to 
free it from unchanged reactants. The yield was 90 per cent. 

It dissolves readily in benzene, toluene, chloroform, ethyl 
acetate, acetic acid, methyl alcohol, ethyl alcohol, acetone 
and nitrobenzene: leas readily in carbon bisulphide and hot 
water, and is sparingly soluble in light petroleum, carbon 
tetrachloride and ether. It was crystallised from benzene 
in white long needles, m. p. l2G^ (Found : N, 16*19. 
CioHxoNtO requires N, 16*09 per cent.}. 

Qy»m(^trMthylamide,-~T\i\i was prepared by a method 
corresponding to (he method of Whiteley {loc. dt.) for the 
preparation of malon>di-ethylamide, by shaking a mixture of 
ethyl cyauacetate (50 g.), mcthylamine (45 g. of 33^ solu- 
tion) and sodium hydroxide (0*2 g.) for about one hour, 
at 0*, until it was liomogeueons. After keeping the mixture 
at the ordinary temperature for twelve hours the solution 
was concentrated on a water-bath. On cooling, a reddish 
pasty mass was obtained. It was drained on a porous plate 
when a mass of granular solid was obtained. The yield was 
very poor being about 25 per cent. 

It is very soluble in methyl alcohol, ethyl alcohol, chloro- 
form, ethyl acetate, acetic acid, acetone, water and nitro- 
benzene; less soluble in benzene and toluene; and sparingly 
soluble in carbon tetrachloride, carbon bisulphide, other and 
petroleum. It crystallises in long white noodles from 
benzene, m. p. 10l“. (Pound : N, 28*85, C4HflN,0 requires 
N, 28*57 per cent.). 

Qfiianacp.UtliyUmide.^YAkyX cyanacetato (23 g.) was con- 
densed with ethylaimine (38 g. of 33 per cent solution) in the 
same ^ay as cyanacctmethylamlde, The yield wae aboq^ 
}5 per cent. 



It is readily solable in chloroform, ethyl acetate, acetic 
acid, methyl alcohol, ethyl alcohol, water, acetone and nitro- 
benzene; less readily in benzene and toluene; and sparingly 
solable in carbon tetrachloride, carbon bisnlphide, ether and 
light petroleum. It was crystallised from benzene as white 
needles, m. p. 74^ (Found: N, 25*21. OsEgN^O requires 
N, 25*0 per cent.). 

We take this opportunity to record our thanks to the 
Government of H. H. The Maharaja Gaekwar of Baroda 
for a gran( which has defrayed the expense of this investitia- 
tion. 

Clumitiry Department, 

The College, Baroda. 

(Reprlsted from the Joursal of the Isdlaa Chemkal Society, Vol. IV, Issue No. 4.) 

Xll—Interaction of Chlorosulphonic Acid with Substituted 
Amides of Cyanacetic Acid. 

By E. Q. Naik akd M. B. Amim. 

The aim with which this piece of work was undertaken 
was to study the reactivity of the two hydrogen atoms of a 
reactive methylene group situated between a cyanogen group 
and a carbonyl group, as in the case of substituted amides of 
cyanacetio acid. Attempts were already made to study the 
reactivity in the case of substituted amides of malonic acid 
using sulphur monochloride and sulphur dichloride as 
reagents by Naik (J. Ghent, Soc., 1921, H9, 379, 1231), by 
Naik and Avasare (ibid, 1922, 121 , 2592, 259.0), by Naik and 
Patel (J. Indian Chem, Soc., 1924, 1, 27), by Naik and Jadhav 
(J. Indian Chem. Soc., 1926, 3, 259). Attention is here 
confined to the study of the interaction of some of the sub- 
stituted amides of cyanacetic acid using chlorosulphonic acid 
as the reagent. 

It is well-known that chlorosulphonic acid* reacts with 
many organic compounds giving rise to sulphonio derivatives 
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jD fact the reagent baa been often employed in the prepara* 
tion of ench oomponnds (Thrope’e “Dictionary of Applied 
Chemistry Vol V. p. 301). 

Reference to previous work* clearly shows that chloro- 
snlphonio acid was principally used cither in sulphonating 
aromatic compounds or in the preparation of sulphonyl 
chlorides. It was expected that here, too, the chlorosulphonio 
acid would attack the hydrogen atoms of the reactive 
methylene group and give rise to sulphonic acid derivativee* 
The experimental evidence recorded in this paper betrs 
this out. 


An attempt is also made hero to shew that the reactivity 
of these hydrogen atoms dopciuls. in some measure, on the 
sumtotal negativity of the groups adjoining the reactive 
methylene grup. 

Interaction of chlurosul phonic acid with the following 
substances was studied : — 


Cyanacetanilide; 
oyanacet-p-tolni»lide; 
cy anacet-o-tol uididc ; 
cyanacet-?»>toluid id c ; 


cyanacet-benssylamide ; 
cyanacct-oc -naphthy lainide ; 
oyanacet-j6-naphthylamido; 
cyanacet-xylidide (1:4:5). 


The first sulphonic acid of the series enumerated above was 
prepared by reacting cyanacetanilide with chlorosulphonic 
acid, using dry salicyl chloroform prepared according to 
Anschutz’s method {Aunulcn^ 1893, 273 , 94; liir., 1892, 25 , 
3501, 3512), as the medium of interaction. Salicyl chloro- 
form, so<propared, has no action on chlorosulphonic acid at 
its boiling point. 


' Ilemilian f /Irr., 1873, 6, 196); Claeasen (Her., 1881, 14, 307); 
Hodgkinsea and Mathews ( /?cr., 1883, l(, 1103); Limpricht (Her., 1885, 
18, 2172): Traube (Ihr., 1890, 2J, 1634); Beitihard ( J. pr. Chem., 129, 332,; 
Stewart (J. Qhein. Soe., 1923, 12), 2384, 2388); Jacob, Poliak. Funeggand 
Beiz 1926, 44, 383, 397); KrasjiDovlo (Ber, 1926, Sf, 2117, 

2719). 
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Daring the coarse of the interaction, neither snlphonyl 
chlorides nor snlphones of the aromatic sabstitnted amides of 
cyanacetio acid oonld be isolated. In all the cases sniphonic 
acid derivatives were obtained and the reagent attacked the 
methylene group. 

Gyanacetanilidc, r>' idily interacted with chlorosnl phonic 
acid, thus: 

ON.OH,.CONHPh+2ClSOsH=CN^{S08lIVCONHPh-t-21ICl. 

(I) 

That the constitntion assigned to (1) is correct, and that 
all the sulphoacids, derived from the various amides 
enumerated above, can bo generally so represented follows 
from the considerations given below. 

(1) That the hydrogen atoms eliminated during the course 
of the interaction are not those which were originally 
attached to the nucleus because on hydrolysis with alcoholic 
caustic potash, p-toluidine was obtained as one of the products 
of hydrolysis from the corresponding sulpho-acid which was 
derived from cyanacet*p*toluidide. 

(2) The results of the above hydrolysis also point .o the 
fact that the hydrogen atoms replaced by the sir phonic 
groups are not those which were originally altacheil u> the 
nitrogen atoms, as in that case, p-loluidine could liave 
been found as one of the products of hydrolysis. 

(!{) Further, on attempting to brominate the sulplio-acid 
(I) the two HSOj groups were found to have bean replaced 
by two bromine atoms, as was apparent from subsequent 
reduction of the di-bromo derivative, both the bromine 
atoms being easily reduced by Kurt Meyer’s method. This 
clearly proves that the bromine atoms wore attached to the 
methylene carbon atom, and hence, the original sul phonic 
groups which were replaced by those bromine atoms, also 
had been attached to the methylene cardon atom. 
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The three oyanaoet-toluidides. oyanaoet-beuzylamide and 
cyanacet xylidide and oyanacct-naphthylamides react in a 
similar manner with chlorosnlphonic acid giving analogous 
snlphonic acid derivatives. But in the oases of the 
naphthylamides a longer time was required before the reac- 
tion was complete. 

In relation to the question of the reactivity of the 
hydrogen atoms of the methylene gronp with regard to 
chlorosnlphonic acid it may bo said that the experimental 
observations afford a clear evidence that the avidity of the 
interaction of chlorosnlphonic acid with the substituted 
amides depends on the total negativity of the groups attached 
to the two remaining valencies of the methylene carbon 
atom. In the case of cyanacetamide in which one of the 
valencies of the methylene carbon atom carries tbe neutral 
group, ( — GONH,), no reaction takes place. But when the 
neutral character of this gronp is disturbed by the entrance 
in it of a phenyl, a tolyl, a benzyl, a naphthyl or a xylyl 
gronp, the reactivity starts. 

Although no definite measurements have been made, it is 
evident from the experiments recorded here, that the rapidity 
with which the reaction proceeds in these cases depends on 
the electro-negative character of the groupings attached to 
the methylene carbon atom. Thus in a series like this— 

(1) CN.CH,.OONH„ (2) CN.CH,.CONHO,H„ 

(3) CN.CH,.CONHC,H, (4) CN.CHj.CONHOaH,, 

(5) CN.CH,.COOEt, 

the reactivity which is absent in (1), starts with (2), and goes 
on increasing through the aeries. 

The mechanism of the interaction studied here is interest- 
ing. In such cases where both the hydrogens of the 
methylene gronp are replaced by snlponic groups when the 
reaction starts, the substance may be supposed to assume an 
enolic form* (Norris and Thorpe, J. CAcm. Soc., 1921, 119 , 
1203)! 
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Experimental, 

lJisiilplu)cyan(m'kmilide '. — (jyaiiacelanilido (3 {»• ) was 
mixed in a flask with 25 c. c. of salicyl chloroform and an 
excess of ohlorosalphonic acid ( 5 g. } was added. A vigo- 
rous reaction started with evolution of heat and hydrogen 
chloride. The flask was kept overnight and refluxed the 
next day in order to complete the reaction. When tho 
evolution of hydrogen chloride ceased and tho superfluous 
chloroform was taken out, 100 c. c. of distilled water were 
added to th^ syrupy product and the mixture was boiled. 
The syrupy mass went into solution and was finally filtered 
to free it from any unaltered cyanacetanilide. The filtrate 
deposited shining leaflets, which were washed repeatedly with 
alcohol in which they were almost insoluble. Finally the 
product was recrystalliscd from water. During the course 
of this investigation it was observed that in all the cases 
molecular proportions of tho reactants did not give a good 
yield of the final product. An excess of chlorosuipbonic acid 
gave quite satisfactory results, the chance of the amide 
remaining unreacted being thus completely eliminated. 

The pure substance was found to be almost insoluble 
in alcohol, chloroform, carbon disulphide, carbon tetrachlo- 
ride, acetone, benzene, toluene, ether and light petroleum. 
Tt was extremely soluble in hot water. It had no m.p. but 
charred above 270“. ( Found ; S, 16.0C; H,0, 18.3; N, 7.65; 
Eqv. wt.. 1117. C9H„0,N.>S2,4H20 requires S, lfi.32; HjO, 
16* 6; N, 7*16 per cent. Ktniiv. wt, 196.) 

In the following preparations .') g. of chlorosnlphonio acid 
and 3 gms. of the substituted amides were employed. The 
products were purified as in tho previous case. In solubi- 
lity and other physical properties they resembled disnlphocy- 
anacetanilide. 

Disu^l^ocyanocsf-p-fo^uiffide, crystallised from water in 
colourless shining leaflets. It had no doflnitc m.p.«but darke- 
ned and charred at about 270°. Water of crystallisatifln a 
;^H,0, of which the compound loses half a molecule of 
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water ( 2-91 per cent. ) at 120^ ( Fonnd : 1 7*J, Cj(,HjoOr 

NgSi.2H.O roquiroa S, 17-29; loss of water, 'MS per cent) 

7)ist(Jphoc!/anacet-o-toh^^^^^^ had no definite m. p. bat 
charred at 255-26/)®. (Found : S, 17»0 CiqHio 07N2 S,i 2H£0 
requires S, 17*29 per cent.)* 

DisulphocyanncH-m-lolt^^^^^ crystal Used in colourlesB 
shining scales. It has no definite in. p. but chars between 
260® and 270®. (Fouinl : S, 16*96. 
roquiroH S, 17*29 per cent ). 

DivilpJwcyanacct-x-napMhylarM^^ crystallised from hot 
water. It has no definite ni. p. but chars between 270^ and 
280®. (Found: S, 16*46. C^.jH^^iOjNgSg, IlgO requires S, 
16*49 per cent.). 

J)isulphocy(ina('d~^'nftpldhyh^ was purified by cry- 
stalli^'aiion from hot water. It formed shining yellowish 
stout in^edles, which hn<! no definite m. p. but charred bet- 
ween ‘HO® and 280®. (Found : S, 15*80. 
requii i^s S, 16*49 per ce . 

T)r dpImyfinarHhf^n:'! formed colourless plates, 

which charred lietween 265® and 275®. (Found: S, 17*3. 
CioHio^J7N2S2,2HgO rdii’ins S, 17*29 per cent.). 

WsHlphocyaufiiM.njlifliflf* (1:4:5) crystallised in the form of 
colourless light shining scales. It has no definite in. p. but 
chars between 270® and 280®. (Found: S, 17*4. CJ1II12O7N2- 
82,21120 requires S, 17* IS por cent.). 

The authors desire to express their gratitude to Ilis 
Highness the Maharaja UaekwaFs (iovernment for placing 
at their disposal the resources of the Uesearch Laboratory 
of the Baroda College and defraying all the expense incurred 
in connection with this investigation. 

ChemUtry Deparhnfjtt, 

The College Uarotlu, 

c 

(ReprinteJ from the Journsil of the Indian Ciiemkal Society, Yol Y, Issue ^|o, $.} 



Studies in Conmarin G>ndensations. Part I. The Con< 
denaation of AJlylacetoacetic Ester with Phenols. 


B7 Kuvkbji Qosai Naik, Rancrhodji Pajibhai Desai and 
Habibuai Banohhodji Desai. 


Though ethyl acetoacetate condenses with phenols to give 
conmarins (I) * Simonis and his co-workers have shewn 
that ethylacetoacetic ester condenses with phenols in pre- 
sence of phosphorus pentoxide to form benzo-/-pyrone8 (II): 


OH C,H800C.CH 
' ' ^ + II 

C-OH- 

CH3 


/\OH c/ " 

+ II ^OH 
C_C,H5 

OOOC.H, 



(I) 


0 



( 11 ) 


According to Ghosh and Jacobson (J. Chm. 80c., 1915, 
107 , 424, 959, 1051), the formation of either the benzo->;- 
pyrones (conmarins) or the benzo-^-pyrones mainly depends 
upon the character of the radical present in the substituted 
acetoacetic caters, whereas the condensing agent plays a 
subsidiary part. Thus, oven using concentrated sulphuric 
acid as the condensing agent, the acetoacetic esters of the 
general formula. CH 3 -C(OH)=Cll«COOC,H 8 give the benzo- 
/-pyroncs, where R is the benzyl or phenyl group. If R is 

« Pecbmann, Uer., 1884, 17. 929. 1646 2187; 1899, 31, 3681; 1901, J4, 
423; Fries and Klostermann, Anmlen, 1908, 1421; Simonis Ber,, 1913, 44, 
2014; 191f 47. 2229), 



[90J 


ethyl, a mixture of oc- and y-pyronoa is obtained, while only 
conmarina are obtained if R ia either hydrogen or methyl. 
This work of Ghosh and .Jacobson has been contradicted by 
Baker (.7. Chem. &oc,, 192.5, 127. 2.‘J49) and Baker and Robinson 
(J. Chem, Set!., 1926, 129. 1981) and they are of opinion that 
all the products prepared by Ghosh and Jacobson are benzo* 
oc-pyrones and not benzo-y-py rones. Thus the available 
views regarding the inilncnce of the radical present in the 
methylene group of the acotoacetic ester are conflicting. 

On consulting the literature, it was found that the oiloct 
of an alkyl radical containing more than two carbon atoms, 
such as propyl, butyl, etc. and an nnsaturatoi alkyl radical, 
such as allyl, substituted in place of one of the hydrogens in 
the methylene group of the acotoacetic ester, on the course 
of the reaction between the phenols and such esters, has not 
been fully and systematically studied. This communication 
describes the results of the condensation of various phenols 
with allyl acetoacetiu ester, using concentrated sulphuric acid 
as the condensing agent. 

Phenol, resorcinol, pyrogallol, w-cresol, oc-naphthol, 
j8-naphthol, phloroglucinol, gnaiacol, thymol, catechol, and 
quinol were condensed with the above ester. Phenol, how- 
ever, failed to give any solid product; cx:-naphthol condensed 
very easily giving almost a quantitative yield of 4-methyl- 
J-allyl-.5:6-naphtho-pyrone. The phenols, having a sub* 
slituent in the «i/'/f<-poai(ioii, resorcinol, m-cresol, and 
phloroglucinol condensed very readily giving almost quanti- 
tative yields of the corresponding conmarins. Pyrogallol 
condensed with the ester giving the oc-pyrone when phos- 
phorus oxychloride was used as the coiulensing agent. 
Catechol, gnaiacol, thymol, j3-naphthol and quinol did not 
condense at all. 

The condensation of resorcinol with the ester was also 
carried out using gaseous hydrochloric acid as the conden- 
sing «gent. The reaction proceeded very readily in the cold, 
and a product containing chlorine was obtained. The acety) 



and benzoyl derivatives also contain chlorine. The consti- 
tution 7 •hydroxy-3-chloropropyl-4-methyl-bonzo-oc-pyrone 
has been provisionally assigned to this compound. 


When conmarins, obtained from resorcinol and oc-naph- 
tholi were snbj ccted to the action of 50^ boiling aqneons 
solution of sodium hydroxide (4 hours), and the solution was 
acidified, the original products were obtained in each case. 
If the products were benzo-X-pyrones, rcsorcylic acid and 
naphthol-carboxylic acid respectively would result: 



The bonzo-)'-pyrone3 are known to give the hydroxy 
carboxylic acids on hydrolysis (Ghosh and Jacobson, Iw, cit.), 
but the oc-pyrones may or may not give them. As the 
carboxylic acids wore not obtained in the present case, the 
oc-pyrono constitution has been suggested for them. 


Expebihbktal. 


7»Ttydroxii»i^dl!ilA^mcthiilJbcim)-ocjpiii'om , — To a mixture 
of resorcinol (2 g.) and allylacato-acetic ester (3 g.) concen- 
trated H2SO4 (20 g.) was added in small amounts. It was 
found necessary to keep the mixture cool. It was kept over- 
night and then poured into a large amount of water. A pale- 
brown solid separated, which was filtered off and dried (yield, 
3«8 gms.). When the crude substance was boiled with 
alcohol, it became white, and melted at 22P-222^ It is 
sparingly soluble in alcohol and glacial acetic acid. It was 
recrystallised from a mixture of pyridine and water, when 
it was obtained in small white needles. The substance for 
analysis was dried in an air-oven at 120”. (Found: 0, J^-O'J; 
H, 5*79j O13H12O3 requires C, 72-22; H, 5*55 per cent,). 



The acetyl derivative was prepared by boiling the snb- 
Btanoe with acetic anhydride for an hour. When cryBlallised 
from alcohol, white plates melting at 152*-15<J“ were obtained, 
(Found: C, 74*88; H, 4*89, CjoHigO^ requiroB C, 75*0 and H, 
5*0 per cent.) 

Hydrolyaie of 7Mydroxy.'dMllyl.iMethylJ)emomO<. .pyrone , — 
The substance (1 g.) waa boiled with 15 c.c. of 50% aqueous 
caustic potash for four hours. The clear solution waa crystal- 
lised from pyridine and water. It waa foun^ to bo the 
original substance, as was apparent from its m.p. and ita 
acetyl derivative. 

lmHydroj:y^MorapropyUi.nidhylJ)i‘nzo.oc.injrone. — Kesor- 
cinol (2 g.) and allylacotoacetic eater (8 g.) were dissolved in 
10 c.c. of glacial acetic acid. Dry gaseous hydrogen chloride 
waa passed into the mixture for two hours. As the mixture 
became hot, the tlask had to bo cooled under water. After 
an hour, the mixture became viscid, and on keeping over* 
night, white crystalline plates separated out. On diluting 
the mixture with water, more of the substance separated 
(yield, 4 gms.). The product which crystallised from alcohol 
in white, prismatic needles, melted at 200'’-201'’. The chlo- 
rine in it was not removed oven by boiling its alcoholic 
solution with sodium acetate solution. (Found: Cl, 14*05. 
C13H13O3CI requires Cl, 14*06 per cent.). 

The acetyl derivative prepared as above, crystallised from 
alcohol in white, short needles melting at 122*’-12.T. 
(Found: Cl, 12*28. Cj3Hjg04Cl requires Cl, 12*05 per cent ). 

The benzoyl derivative crystallised from glacial acetic 
acid in white, shining needles melting at 193”. (Found: Cl, 
10*15. C.^qHi, 04C1 requires Cl, 9*96 per cent.). 

^Allyl^-methyUb : S'-naphtho-oc-pyrone.^A mixture of 
oc*n«phthol (2 g.) and allylacetoacetic ester (2 g.) was treated 
with concentrated H,804 6*)* After keeping tbejnikture 



overnight, it was poured into water (yield, 3 gms.). After 
treatment with animal charcoal in alcoholic solution the 
substance was obtained as yellowish white plates, m. p. 
ISS^-lSe-. (Found ; C, 81.33; H, 5-65. requires 

0, 81.6; H, 5*6 per cent.). 

'A-Allyl-^ : l-dimethyl-ltemo-oc.-'piit'o'ne, — This was prepared 
as nsnal from m-cresol (3 g.) allylacelo-acotic ester (3 g.) and 
concentrated 11,80^ (10 gm.) (yield, 3.2 gms). Kecrystallisa- 
tion from alcohol gave yellowish white plates, m. p. 126”-127°. 
(Fonnd : ( 5 , 78.24; H, 6.65. Ci 4 ,Hi 40 j requires 0, 78.5; H, 
6..54 per cent.). 

5 : l-IHhydroxy-'i-aUylA-meihyl-benzo-oc-pyrono This 

was prepared in a manner similar to the above, from an- 
hydrous phloroglucinol (1*5 g.), allyl acetoacetic ester (1*5 g.) 
and concentrated 11,804 8 ^*) ^ gms.). The pale 

yellow powder was recrystallised from dilute acetic acid, 
when pale brown, silky needles, ra. p. 207*-208* were 
obtained. It is very solnble in alcohol, acetone and glacial 
acetic acid, but sparingly soluble in benzene and petroleum. 
(Fonnd: C, 66.75; H, .5.50. O 13 H 1 .JO 4 requires C, 67*24 and 
H, 5.17 per cent.). 

The ruuityl dcrii'ntii'c crystallises from alcohol in white 
plates, m. p. 130®-131*. (Found: C, 64.25; H, 5.61. CjyHjgOg 
requires C, 61.56; H, 5.28 per cent.) 

7ii‘Dih!jdrox!j-i-atl!jl-i-im;thyl‘bemo-oc-pyron.e. — This could 
not bo obtained by using H,S 04 as a condensing agent. A 
mixture of pyrogallol (2 g.), allylacetoacetic ester (2 g.) and 
phosphorus oxychloride (1.5 g.) was heated on a water-bath 
for nearly an hour. Copious fumes of hydrogen chloride 
were evolved. After the reaction was over, the viscous mass 
was poured into water. Becrystallisation from dilute acetic 
acid gave white, small plates melting at 175%176* ( 3 riold, 
2.5 gm). (Found: C, 66.87; H, 5*23. 0iaHi2^4 raquires 
0, 67.^4; H, 5.17 per cent.) 
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The acetyl derivative orystalliBes from alcohol in whitOi 
prismatic needles, m. p. 145‘‘'146^ (Found: G, 64«12; H, 5«5I, 
CitHisO^ requires C, 64>56: H, 5*28 per cent.). 

We desire to express our gratitude to the Government of 
His Highness the Maharaja Oaekwar, for a grant which has 
defrayed the expenses incurred in this research. 

The ChemUtry Department. 

The Colleges Baroda. 

( Reprinted from the Journal of the Indian Chemical Society, 

Vol, V, Issue No. I. ) 

XIV— I%osphortM Oxychloride b » a Condensing Agent 
in the Symdiesis of Coumarin Derivatives. 

By K. G. Naik, R. D. Dbsai and R. E. Tbivbdi. 

The subject of the present communication arose from an 
attempt to condense benzyiacetoecetic ester with )3*naphthol 
in presence of concentrated sulphuric acid as the condensing 
agent. The expected coumarin .'l-benzyl-4-methyl*l :2>]3-na- 
phthopyrone was not obtained, but methylindene-carboxylic 
acid was produced by the internal condensation of the ester. 
oc'Naphthol was however, condensed under identical condi- 
tions by Ghosh and Jacobson to give the corresponding pyrono 
derivative (J. Cftem. Sttc., 1915, 107. 424) But on repeating 
the condensation under the cenditions outlined therein, we 
failed to get the product obtained by them. When concen- 
trated sulphuric acid was replaced by phosphorus oxychlo- 
ride as the condensing agent, oc-naphtbol condensed very 
readily with benxylacetoaoetic ester giving, the coumarin 
derivative. 

Equimolecnlar quantities of the phenol and. benzylaceto- 
acetic ester were mixed with phosphorus oxychloride (about 
0‘5 gm, for 2 gms. of the mixture) and the whole heated on 
the water-bath for about an hour. The mixture was then 
poured into water, when a solid product separated which was 
subsequently purified from alcohol. 
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In each case, excellent yields of crystalliiie products were 
obtained. From the pliysioU properties and the melting 
points of their derivatives, as shown in the adjoining table, 
the prodnts appeared to be identical with those of Ghosh 
and Jacobson. 


Produeit chained from varwtM nihenda aid benzyl- 
aedoaeetio eater. 



Phenole. 

• 

Resorcinol. 

(i-Naphthol. PyrogalloL 
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benaoyl 
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- 172® 
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derivative. 

150® 
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o3 
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Resorcinol. 

a-Naphthol. Pyrogallol. 
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form 

glistening 

prisms. 

slender glistening 
needles. plates. 

needles. 

00 

a 

.2 

M.p. ... 
M.p. of 
acetyl de- 

225® 

189® -90® 19.3® 

227® 

> 

M 

'J 

09 

rivative... 
M.p. of 
benzoyl 

171® 

- 172® 

158®-5i)® 

o 

derivative. 

The College, 

160® 

Daroda^ 

- 181® 

124®-25® 


(Reprinted fren the Journal of the lodinn Chemical Society, Yol, VI. luue No, S.) 
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XV’Interaetion of CMorosulphonic Acid with'*the Substituted 
Amides of Malonic and Methylmalonic Adds. 

Bt E. Q. Naik and C. 11. Shah. 

The inveBtigation which forms the subject of this commu- 
nication was undertaken with a view to study the reactivity 
of the two hydrogen atoms of a reactive methylene group 
situated between two carbonyl groups, — CO-CII,.CO — , as in 
the case of the substituted amides of malonic acid. Reference 
is invited to a previous communication by Naik and Amin 
(J. Indian CAem. Soc., 1928, S, 579). Attention is* here con- 
fined to the study of the interaction of some of the substituted 
amides of malonic acid using chlorosulphonic acid as the 
reagent. For this purpose the interaction of chlorosulphonic 
acid with the following substances was studied : — 

(1) Malon-diphenylamide, (2) Malon-dibenzylamide, (3) 
Malon-di-p-tolylamide, (4) Malon-di-o-tolylamido, (.5) Malon- 
di-m-tolylamide, (6) Malon-di-^ -naphthylamide, (7) Malon- 
di-/3-naphthylamide, (8) Malon -di-(l : 3 : 4)-xylidide, (9) 
Malon-dipropylamide, (10) Malonmono-^i-tolylamide, (11) 
Methylmalon-diphenylamide, (12) Methylmalon-di-p-tolyla- 
mide, (13) Methylmalon-di-o-tolylamide, (14) Methylmelon- 
di-m-tolylamide, (15) Methylmalon-di-oc-naphthylamide, 
(16) Methylmalon-di-j3-naphtbylamide, (17) Methylmalon- 
di-(l : 3 ; 4)-xylidide. 

Of the above, compounds, 8, 15, 16 and 17 were prepared 
for the first time, by the same method as that used for pre- 
paring the corresponding amides of malonic acid. 

The results of the present investigation could bo sum- 
marised as under 

Type I. ^ Compounds (1) to (10), with the exception of (9), 
react^o form disulpho-compounds whose constitution can be 
generally represented as 
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CO.NHK 


(I) 


SOsH 

Np/ 

/®N 

SO3H CO.NHR 

(R* phenyl, benzyl, tolyl, naphthyl, or xylyl group). 
Type II. Compounds (11) to (17) give rise to disulpho- 
derivatives, which can generally be represented as : — 

SO3H CO-NHR 

SO3H.CHJ CO.NHR 

Compound (9) reacts with chlorosnl phonic acid to form 
a derivative which can be represented as : — 

SO3H CO.NHC3HT 

X 

H CO.NHC3H, 


That tho constitution assigned to (I, B—Pb) is correct and 
that all tho snlpho-acids, derived from tho various amides 
ennmorated above, can generally be thus represented, follows 
from the following considerations 

(i) That tho hydrogen atoms attacked by the chlorosul- 
phonic acid are not eliminated from the phenyl groups or 
any such analogous nucleus becomes evident from tho course 
of tho reaction in tho case of malon-dipropylamide where no 
such aromatic nuclei are present, and yet the sulpho-acid is 
produced. 

(n) That the hyilrogen atoms eliminated were not those 
which were originally attached to the two nitrogen atoms, 
because only one sulpho-group enters in malon-dipropyla- 
mide, though there are two symmetrically situated — NH — 
groups present in it. 

The compounds enumerated under type (I) reacted simi- 
larly with chlorosulphonic acid. Only in the case of malon- 
dl--x:-naphthylamide, a longer time was required* before the 
reaction was complete. 

13 * 
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In tho above cases, molecular proportions of the reacting 
. substances did not give a good yield of the snlpho-acids and 
mnch of the amido remained nnaltered. When they were 
taken in equal quantities, the yield improved and the pro- 
ducts were obtained in a purer state. 

With a view to study the stability of the two snlphonic 
acid groups, attached to the methylene carbon atom, it was 
thought desirable to see how far these groups could be 
replaced by a negative group, such as the nitro-group. 

Tho following four compounds were, therefore, subjected 
to a process of nitration : — ' 

( 1 ) Disulpho-malon-diphcnyliunido; 

( 2 ) Disulpho-malon-di-p-tplylainitio; 

( ii ) Disulpho-malon-di-o-tolylamido; 

( 4 ) Sulphomethyl-sulphomalon-dipbcnylaniide. 

Compounds ( 2 ) and ( o ) when treated with dilute nitric 
acid yielded dinitro-derivativos, thus 

HNOs 

(HSO,), : C : ( CO-NHC,!!,)* : C ; (CO.NHC,H,), 

0 - and p - 

Compounds ( 1 ) and (4) on being nitrated gave tetranitro- 
dorivatives. Thus in tho case of ( 1 ) the reaction followed 
the course as under : — 

HNOj 

(HS 03 ),:C:iC 0 .NHC„H.)s ->(N 03 )j:C:(CO.NHCoH 4 NO,)s. 

Tho tetranitro-derivative obtained from disnlpho-malon- 
diphcnylamide was hydrolysed with 50 per cent, aqueous 
caustic potash solution, thus : — 

(N0.)j:C:(C0.NHC«H4.N0.)* + 2K0n = (N0.1.:(C:(C03K) 

-t-2C,*H4(NH‘)NO,. 

The formation of potassium dinitro-malonate as above 
shows that tho two — SOaH groups originally present in 
disnlpho-amide, were replaced by tho nitro-groups, the other 
two being present in tho aromatic nuclei of the above amide. 
Both the siilpho-groups seem to have been simultaneously 
replsTced by the two nitro-groups. 
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Expebihental. 

A general method of preparing tho Bulpho-acide is to add 
equal quantities of tho amide and chlorosul phonic acid to 
dry chloroform in a conical ilask. When properly mixed 
the reaction starts and proceeds vigorously with much 
evolution of heat. Clouds of hydrogen chloride are thrown 
out in the initial stage of tho reaction. The ilask is kept 
normally cool by holding under a water-tap. Subsequently, 
the mixture is retlaxcd on a sand-bath for two hours, when 
the evolution of hydrogen chloride stops. The solvent is 
then removed and the red syrupy reaction product poured 
into 100 c.c. of water. The syrupy mass goes into .solution. 
On concentration and cooling, the stilpho-acid separates out 
in clusters of shining leaflets. 

l)imlph(Hmadon‘dij^nylamide . — It was obtained from 
malondiphonylamide (3 g.) and chlorosnlphonic acid ( 3 g. ) 
in 20 c.c. of chloroform. It formed shining colourless leaflets, 
soluble in water, and insoluble in alcohol, acetone, acetic acid, 
benzene, toluene, carbon disulphide, carbon tetrachloride, 
ether, ethyl acetate, nitiobenzene and light petroleum. It 
has no deiinite m. p. but decomposes above 280°. It crystall* 
ises out with two molecules of water of crystallisation, which 
is last when heated to 140-1.'>0° for four hours. (Found : S, 
14.3; 11.20, 7-6; Eqniv. wt., 224.CigHi40gN2S2,2H20 requires 
S, 14*2; H-jO, 8-0 per cent, Equiv. wt., 225). 

Nitmlion , — Tho above disulpho-acid (2 g.) was gradually 
added to a mixture of 20 c.c. of nitric acid {d 1*2) and 20 c.c. 
of glacial acetic acid. On warming the mixture, oxides of 
nitrogen began to evolve. The reaction mixture was kept on 
a water-bath till the evolution of the fumes ceased. Then 
the remaining fumes of nitrogen peroxide were blown away 
by air and the mixture poured into water. On concentration, 
the iiitro-compouiul crystallised out in tho form oP deep 
orangtt crystals, m. p. 124°. Tho product was found to be 



Bolabld in alooholt benzend» ehloroform, acetone and nitro* 
benzene. (Pound: N, 19*32. CijHioOjoNe requires N, 19-35 
per cent.). 

Hydrolysis <jf TiinitromahnUlinitrodiphenylfmide, — About 
2 g. o{ the substance were refluxed for several hours with M 
per cent, caustic potash solution and the resulting solution 
was filtered. The filtrate was concentrated on the water- 
bath. when potassium dinitromalonate separated out. which 
was collected, and rccrystallised from hot water. (Found: K, 
29*02. G30gN2K2 requires K, 28*88 per cent,.) 

The barium salt, Ba(S 03 )g:C;(C 0 *NHCgH 5 )a,H 50 , was pre- 
pared by digesting an aqueous solution of the acid with 
barium carbonate. The solution was filtered and the filtrate 
on being concentrated deposited the barium salt as needle- 
shaped crystals. (Found: H,0, 3.09; Ba, 24.41. C]gHi»0„- 
NaS,Ba,H,0 requires H,0, 3.17; Ba, 24.2 per cent,). 

The potassium salt, (K&03'2:C:(C0*NHC3H3)j,9H|0, was 
prepared by the action of caustic potash on the solution of 
the acid. (Found: H2O, 24.46; K, 11*94. CigHijOgNaSjKs, 
9H2O requires H,0, 24*85; K, 11.96 per cent.). 

The sodium salt, (NaS03)2:C;(C0.NHCeH»)j,3Hj0,wa8 pre- 
pared in a similar way using caustic soda. (Found; H»0, 
10*H3; Na, 9.01. Cj5Hj,20„NjS|Na*,3Hg0 requires H,0, 10*54; 
Na, 8*98 per cent.). 

Caldum «a7f.*-It was prepared like the barium salt, and 
crystallised from alcohol. (Found: Ca, 8*5. Cj ,Hi20gN,SjC8, 
H2O requires Oa, 8*51 per cent.). 

Ammonium. .sa7<.— -The solution of the acid was just 
neutralised with ammonium hydroxide and concentrated 
when it crystallised out in largo prisms. (Found: UgO, 3.84; 
N, 1^06, CigHgoOgN^Sj, H,0 requires HgO, 3.86; N, 12*01 
per cent.). 
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Two g> of the amide vrere 
made to react with 2 g, of the acid in 20 c. c. of chloroform. 
The reaction product was obtained by a process similar to 
that followed in the preparation of disulphomalon-diphenyl- 
amide. The pure substance was crystallised from distilled 
water. It had no definite melting point* but decomposed at 
temperatures above o00“. (Found ; H,0, 3*98; S, 14*08. 
^*irHi808NjS,,H,0 requires HjO, 8*61; S, 13*9 per cent,). 

The barium salt, Ba(S03),:C:(C0.NHCTHT),,JH,0 was pre- 
pared as usual by neutralising the aulpho-acid with barium 
carbonate. (Found: H,0. 1*54; Ba, 23*43. C,7Hi*OeN,S,Ba,- 
iH,0 requires HjO, 1*53; Ba, 23*42 per cent.). 

Sodium salt . — It was prepared as usual. (Found: Na, 9*44. 
GiTHiaO(|N,S,Na, requires Na, 9*46 per cent.). 

Potassium salt — (Found : K, 15*12. Ci,Hi,08N,S,K, 
requires K, 15*05 per cent.). 

The nmmoHimn salt, (NH4S03),:C:(C0*NHCtH7),,4H,0 
was prepared by neutralisation of the acid with ammonium 
hydroxide. (Found : H,0, 1*46; N, 11*31. CijHg^OgN^S, 
4H,0 requires H,0, 1*82; N, 11*33 per cent.). 

Disu^lphomalon-di-p-tolylamide . — The amide (3 g.) was made 
to react with chlorosulphonic acid (3 g ) in 25 c. c, of dry 
chloroform. The product (which was obtained by the 
method adopted in the previous oases) was found to be 
insoluble in all organic solvents. It was soluble only in hot 
water and had no definite melting point but decomposed 
at 300^ (Found: S, 14*42. Gi7Hta08NtSt requires S, 14*47 
per cent.). 

Hydrolysis,-.~The above acid (5 g.), was added to a solu- 
tion of 30 g. of caustic soda in 100 c c. of alcohol and the 
whole refinxod for 48 hours. Thu resulting product was 
diluted with water and then extracted with ether.* The 
ethereal extract deposited p-toluidine after removal of ether. 
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Nitration. — The acid (1 g.) was added to 20 c. c. of dilate 
nitric acid. On beating and concentrating the solution, the 
reaction product was obtained as orange crystals very 
soluble in alcohol, benzene, acetone and acetic acid but 
sparingly so in petroleum. It melts at 68°. (Found: N, 14*08. 
Ci 7 HjfiOj,N 4 requires N, 13*86 per cent. ) 

Disulphomnlon-di-o-toli/lumide, — Two g. of the amide and 
3 g. of chlorosnlphonic acid wore used. On crystallisation 
from water the product formed long, silky needles. 
(Found: S, 14*5, Ci^HisOhNiS^ requires S, 14*47 per cent.). 

Pota.’iifiuni mlt. — ( Found : K, 15*06. OijTIijOgNjSjK, 
requires K, 15*05 per cent ). 

Nitration. — The acid, on nitration, as in the case of the 
iJrtw-derivative, gave a greenish coloured product, m. p. 8.5°. 
(Found: N, 1.5*1. Ci7H-i,.0,.N4 requires N, 1,5*05 per cent.). 

T)iHulplmnalon~di~m4olylaniide,’—Ty/o g. of the amide and 
2 g. of the acid in 20 c. c. of chloroform wore taken. The 
product was obtained from water in white plates. 
(Found : S, 13*9; H,0, 3*93. Cj 7 HigO^NjSj,HjO requires 
S, 13*9; H,0, 3*91 per cent.). 

The calcium mlt was prepared as usual. (Found: Ca, 8*47. 
CjiHjftOgNjSjOa requires Ca, 8*3 per cent.). 

Dimli)homahn~di‘Cc-naphthylamidc.^T)iis was prepared 
by allowing 3 g. of the amide to react with 10 g. of the acid 
in 30 c. c. of chloroform. The product was found to be 
soluble only in water. (Found : HjO, 12*92; S, 11*01, 
C23 Hj^ 0„N,S,,4H,0 requires H,0, 12*2; S, 10*92 per cent.). 


Dimlp}wmahn-du^-naphthylamide.—Tv/a g. of the amide 
wore treated with 10 g. of cblorosulpbonic acid. The 
disalf>ho- derivative was found to be very sparingly soluble 
in water. It had no definite melting point but decomposed 
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at 280“. (Fonnd : H,0, 17.4; S, 10 32. CagHj^O^NjSj.tiHsO 
reqnirofl 11,0, 17.36; S, 10.28 per cent ). 

Monavflj)/umakn-(Himijjjjhimuk,-Tv/o g. of the amide were 
made to react with 2 g. of tlio acid. The product could not be 
isolated in crystalline form, but was obtained as a red syrup. 
It was soluble in all organic solvents. Its barium unit was 
obtained in the form of largo shining leailcts from water. 
(Found : H 4 O, 7.5; Ba, 19.08. C, 8 H., 40 ,oNiS 3 Bvl[I ,0 
requires H 2 O, 7*4; Ba, 19.00 per cent,). 

I)imlph<fmahm.mono.p4oly1amide. — This was prepared by 
treating the mono-amide (2 g.) with chlorosnlphonic acid 
(2 g.) in the usual manner. It was crystallised from water in 
short needles, (Found: 11^0, 4*93; S, 17.27. 

HgO requires 11,0, 4*8; S, 17.29 per cent. 

l)imlphomal(m.di.{l:iM).ri/luhlie.-^T!]io product from 2 g. of 
the xylldide and 2 g. of the sniphonic acid separated as white 
lustrous laminae from hot water. (Found: S, 13.62. 
redwiros S, 13.61 per cent.). 

Sulphomethi/KitulpJwmalon^iphrnuylmiflp — It was prepared 

by the interaction of 2 g. of the amide and 2 g. of the acid. 
It comes out from water in white crystals. (Found: S, 14.94, 
OieHigOsNoSg requires S, 14.9.*) per cent.). 

Nitration, — The acid was gradually added to a mixture of 
20 c.c. of nitric acid (d 1 . 2 ) and 20 c.c. of acetic acid. After 
the evolution of the oxides of nitrogen had ceased, it was 
poured in a small quantity of water, when the nitrated 
product came out as yellow crystals, m.p. 120 *. (Found; 
N, 18.78. CieHjrtOioNfi requires N, 18.75 per cent.). 

Potaxmwi xaU. — (Found: K, 14.97. C!](.ni 40 jjN,S,K,,HjO 
requires K, 14.94 per cent.), 

Sodmm soJI.— (Found: Na, 9.71. CnjUi 403 N 2 ^Na, 
requires Na, 9.74 per cent,). 
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SfiJt^hxmdhyl was obtain- 

ed in tho form of shining needles from hot water. (Found: 
HjO, 3-9; S, 13«56. C 1 HH 20 O 8 N 2 H 2 H 2 O requires HgO, 3.8; 
S, 13*5 per cent.). 

Sid]^(msthyU9vlph(mfxlon-di^'t^^^ was obtain- 

ed from water in white shining crystals, by a process similar 
to the above, (Found: HjjO, 3*92; B, 13.6. C| 8 H 2 oOsNjSg,HgO 
requires HgO, 3*8; S, 13.5 per cent.). 

Potassium saZf.-— (Found: H 2 O, 6.4; K, 13.71. 
N2S2K2,2HaO requires HgO, 6.33; K, 13»73 per cent.). 

Sulphcmisthyl-sfulphom^ -tolylamide was prepared 

in the usual way, from methylraaloii-di-m-tolylamide, 
(Found: S, 14.12. CgHHgoObNgSo requires S, 14.03 per cent.). 

Svl^(miethyl-mlphomalof^ -naphthylamide.--It was 
obtained from 2 g. of the amide and 10 g. of chlorosulphonic 
acid, (Found: HgO, 14.54; S, 10.37. 024H2oOsN2S2,5H20 
requires II. 0. 14*56; S, 10.36 per cent.). 

SvJph(m>eOiyl^ulphomctlon di-^-naphth^ was obtain- 
ed in a similar way. (Found: HoO, 9.4; S, 11.01. Cg 41130 ^ 8 ' 
NgSg, 3HgO requires HgO, 9.28; 8, 10*99 per cent ). 

fift^AometA^2-8U^/ioma2on-(2i-(l:.3:4)a:2^Ztdicfe was obtained 
in the form of white scales. (Found: S, 1.3.24, ^^^20^^2408 
NgSg requires S, 13*22 per cent.). 

The authors desiro to express their gratitude to His 
Highness tho Maharaja Gaekwar’s Government for a grant by 
which the expenses incurred in this research were mot. 

Chemistry Department^ 

The Colletjef Baroda. 

(Reprinted from the Journal of the Indian Chemical Society, Vol VII, Issue No. 2.) 
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XV*(A)— Properties of Conjugated Compounds. Part X 
Variabilitjr in the Mode of Ester Addition to 
Butadiene Esters and Ketones. 

6t Ebnest Habold Fabmkb and Thakobbhai Nabanji Mehta. 

An examination of the additive behaviour of bntadienoid 
oomponnda with bromine and hydrogen has established that 
the mode of addition varies from member to member of a 
conjugated series for the same addendum, the variation being 
apparently ^irectly related to (although, so far as has been 
definitely proved, possibly not entirely dependent on) the 
nature and position of the substituents in the butadiene chain. 
There is no reason to suppose that dependence of additive 
mode on the constitution of the conjugated compound does 
not hold for all the common dividing addenda and conse- 
quently it would be expected that the nnion of sodioesters 
with butadiene esters would yield oc j8*« c>c8*t or hath ocjS- 
and ocS- addition products in different instances. Yet, al- 
though the separate occurrence of oejS- and of ocS-addition 
to butadiene esters (8-phenylated and 8-alkylated respecti- 
vely)* has been known for more than twenty years 
(Vorliinder, Annalen, 1906, 345> 227), no single instance has 
been discovered in which both oc/S- and oeg-addition com- 
pounds are simultaneously produced from the same reactants. 

Kohler and Butler (/. Amm\ Ghent. Soc. 1926 48, 1036) and 
Farmer and Hciloy (J., 1927, 1060) independently subjected 
the malonic ester addition products of methyl j6*vinylacrylate 
and methyl sorbate to ozonolytic degradation in order to dis- 
cover whether ocS-products were indeed the only ones 

^ Indirect evidence as to the possibility of bringing about 00 $- 
oster addition to a pbenylated butadiene ester is furnished by 
Meerwein’s production of a double addition product Ph'CHX'CHj- 
'CElX’CH(COiR a [Xs(CHCOaR)i] from cinnamylidenemalonic ester 
and sodio-malonic ester, or directly from cinnamaldehyde -and sodio- 
matonio ester. {AnnaUn, 1908, JiO, 394). Here presumaBly the ocS 
addition ti the conjugated ester which is first effected is rapidly followed 
6 y ^)^»^) 8 -doubl 0 bind displscetacnt and additioq. 

u 
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formed, and in 1924, before ozone was available as a reagent 
in the laboratory, one of the present authors oxidised large 
quantities of the latter product with permanganate in the 
hope of isolating trlcarballylic acid, the expected degradation 
product of an oc/3-additive compound (unpublished work). 
The result of these efforts made it appear probable that only 
ocg-derivatives were formed in these instinces, although, 
in connexion with the compound from methyl sorbate, Kohler 
and Butler ({be, ct{., p> 1045) mention a small fraction of the 
major degradation product which, differing slightly in boiling 
point from the remainder, could possibly be derived from the 
oejS-compound, Similarly the same two conjugated esters 
appeared to yield only ocS-addition products with methyl- 
oyanoacetic ester (Farmer and Healey loe, cit,). Since that 
time the addition of malonic ester to two conjugated ketones 
has been studied by one of the authors, but in neither case 
was the simultaneous formation of both ocj8* and oc$-pro* 
ducts proved. 

Now, the ozonolytio degradation of nnsatnrated ostor* 
addition products usually proceeds so smoothly that the 
failure to detect thereby the formation of more than one 
type of additive compound in each instance has suggested 
that a second type, if produced at all, could represent only 
an extremely small fraction of the addition product Yet it 
appeared quite certain from experience gained with other 
addenda that, it simultaneous formation of oc j3 and oc^-com* 
pounds could occur at all, theo, in some examples at least, 
the minor component of the addition product should be 
present to the extent of considerably more than a mere trace. 
Therefore, whilst the investigation of a sufficiently large 
number of examples by the degradation methods hitherto 
employed might ultimately be expected to disclose instances 
rf multiple*type addition i instances in which the oejS*, 
oc8-ratio approached unity), there seemed to be no question 
as to the 'desirability of re-examining some of the older 
exam*pleB by supplementary experimental methods. The 
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aothors have therefore retarned to the investigation of the 
prodnot derived by the interaction of methyl aoibate and 
methyl sodiomalonate, snbstitntiDg a reduction process for 
the degradative methods previously employed. 

When this prodnot is successively reduced, hydrolysed, 
and partly decarboxylated, an oily mixture of acids is obtain* 
ed which is partly separable into its components by distilla- 
tion. The higher-boiling portion, which quickly solidifies, 
is /3*methy]pimolic acid derived from the preponderating 
oc$*prodnct*(I). The lower-boiling portion, which remains 
liquid, is a mixture of /3-methylpimelio acid and /3-propyl- 
glutario acid, the latter derived from an oc/S-product (II). 
CHMe.CH:CH.CH,.CO,Me CHMe:CH.CH.OH,.CO,Me 


CH(CO,Mo), (I.) 


CH(CO,Me), (II.) 


HO,0-OH,.CHMc.CH,*OH,.CH,.CO,H HO,C*CH,.CHPra.CH,- 






The components of this mixture may be readily separated by 
taking advantage of the dissimilar character of .their anhydrides; 
the nnimolecular anhydride of the propylglutaric acid dis- 
tils at a temperature lower than that at which the polymole- 
cular anhydride of its isomeride begins to suffer degradation 


to /8-methylcj/c/o*hoxanone. Since the propylglutaric anhy- 
dride is a liquid and the corresponding acid very difficult to 


recrystallise, the former is converted into its anilic acid for 
the purpose of estimating the yield. From the yields so 
determined with fairly large quantities of material, it appears 
that oc/S-addition accompanies oc$-addition to the extent of 
at least 7^ but improbably more than 10%. 


Ethyl )^-methyl8orbate also gives both ocjS* and oc$-addi- 
tion prodncta with ethyl sodiocyanoacetate. In* this, the 
latest instance studied, the authors were quite unable to 
bring about the catalytic redaction of the addition com* 



pounds (III and IV) or their oloaely isolated derivatives. 
But here degradation by ozonolysis yields definite evidence. 
The mixture of ester-addition products gives the appropriate 
fission products according to the scheme: 

CHMe:CMe.CH.CH,.CO,Et 
(IV.) (3H(CN).00,Et 


OMMe.OMe:GH.OH,.GO,Et 
6H(ONl.CO,Et (III). 


i 


CHMe-GOMe 
•CO|Et 


i 


6h(cn). 

1 

CHMe-COMe 


CHO CH3.CH0-f-G0Me.GH.GHj.C0,Et 
CH,.GO,Et CH(CN).CO,Et 


go.oh,.gh-gh,.go 

N I / 

!H,.CO,H 0 GMe— 0 

Owing to the failure of the reduction method a satisfactory 
estimate of the oc/3. ocg-ratio could not bo made, but it was 
clear from the amounts of the different degradation products 
isolable that the ratio approached unity far more closely 
than in the preceding example. 


The addition of othyl malonato and of ethyl cyanoacetate 
to ethyl jSS'dimethylsorbate has been attempted, but here, 
as with ester addition to ethyl crotylidoncmalonate (Farmer 
and Healey, loc. a7.),conditions suitable for promoting reao- 
tion could not be found. 


It appears from the experiments carried out that the 
reactivity of the differently substituted butadiene esters to- 
wards sodioesters varies widely, but, on the other hand, 
slight changes in the experimental conditions have many 
times been found to have a profound effect in facilitating or 
inhibiting reaction. It is hoped later to furnish values of the 
oejS, ocS>ratio for a number of substituted butadiene esters, 
ketones and nitriles, distinguishing between the effect due to 
alkylation in the different positions of the chain and that 
(if any) due to modification of the activating group. 

^Whether or no the value of the oc/8, ocS-ratio in a given 
instance is at all influenced by changes in the addendum (as, 
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for instance, by alkylation or replacement of •CO,Et by ^ON) 
remains to be shown, but the indications at present are that 
each changes affect only the ease of reaction. The inflnenco 
on the oc/3, ocg-ratio of cyolisation is also somewhat donbt* 
ful. Many ocj6- and ocg-addition products readily undergo 
cyolisation in the presence of the condensing agent and in 
some instances it is difficult to find experimental conditions 
under which addition is promoted but intramolecular oycli* 
sation excluded. For instance, from ethyl mothylct^cTohe- 
xenyliden^'Cyanoacetate (V) and methylcj/clohexenylideneace* 
tone (VI) only cyclic oc/3-addition products have so far 


GMe 

/\ 

Oil, CH 

CH, d:C(CN).CO,li:t 

N/ 

CH, (V.) 


GMe 
GH, GH 

CH, CH:CH.C0*CH3 
CH, (VI.) 


been obtainable, but the legitimacy of concluding that the 
ocj8, ocS-relationship which holds under the cyclising 
conditions employed is also the normal one is uncertain. 

In view of the fact that the formation of a 7 — 10^ yield 
of one of the ester'addition products of methyl sorbate pre> 
viously escaped detection, although the search for evidence 
of such formation was the specific object of investigation, it 
may well be that the oc g-bromination of jS-vinylacrylio acid 
(Farmer and Healy, loc, dt.) and of sorbic acid (Auwers and 
Heyna, Antidlen, 1923, 434 , 140) is not quite so complete as 
ozonisation experiments have indicated. The conclusions of 
Farmer and Healey with respect to the bromination product 
of the former acid have recently been endorsed by Muskat, 
Becker, and Lowenstein (/. Amer. Qhem. Soc., 1930, 52 , 326), 
but the detection and the reasonably efficient isolation of 
ozone fission products are so much the more difficult of 
accomplishment when working with diolefin dikromides than 
when working with nnsaturated acids (indeed experience 
with*hydrocarbon dibromides and hydrobromides has cleaKy 
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shown the danger of relying on ozonisation technique alone) 
that a supplementary examination of the bromination pro- 
ducts of both acids is very desirable. 

ExPEBIMXHTAL 

Addition of Methyl Malonate to Methyl S<w6ate.--The yield 
of addition product previously recorded by Farmer and 
Healey (/oc. cit., p. 1064) was ccnsidorably improved by modi- 
fying slightly the experimental conditions. Methyl malonate 
(50 g.) was added to a solution of sodium (0*6 g.) in methyl 
alcohol ( 6 o.c.‘) and a quantity of ether insV’ffeient to 
produce a precipitate usually about 10 c.o.) was added. From 
the resulting solution, after being heated on a steam-bath for 
6 hours, a mixture of unchanged reactants (b. p. 102 — 110*/ii0 
mm.) and addition product, ( b. p. 172 — 178*/17 mm. ) was 
isolated. Yield of addition product. 80%. 

Hydrogenation of the Addition Product.— The addition 
product, dissolved in aqueous methyl alcohol, absorbed 2 
atoms of hydrogen per molecule when shaken therewith in 
the presence of colloidal palladium for 4 hours. The rednc*. 
tion product, obtained in quantitative yield, was a colourless 
oil, b. p. 165 — 170*/14 mm., which yielded a granular sodium 
salt when boiled with alcoholic sodium hydroxide (excess of 
the latter was necessary to ensure complete hydrolysis). 
After the heating had been continued for 4 hours, the sodium 
salt was. filtered off, freed from alcohol, and boiled with 25% 
hydrochloric acid until decarboxylation was complete (40 
hours). The hydrolysis product, isolated with only small 
loss, was a colourless oily acid which wouid not solidify . It 
was distilled and collected in several fractions, of which those 
of higher boiling point partly or wholly solidified on standing. 

The solid material, after being drained and washed with 
petroleum (recrystallisation operations proved extremely un- 
satisfactory), melted at 47* and corresponded in properties 
with the jS-iqjBthylpimelic acid (m.p. 48- 50*) of Einhorn and 
Bhret lAnnaien. 1897, 29S« 179) [Found: ilf(dibasic), 174. 
Calc.,: f.74]. It was readily convertible into ^jueihy]fiyclo- 
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hexanone on heating with lime, and the ketone yielded a 
aemicarbazono, m. p. 191®, identical with that derived from an 
authentic specimen. 

The liquid acid, still containing a proportion of jS-methyl- 
pimelic acid, could not bo induced to solidify. It was there- 
fore converted into its anhydride by boiling with acetic 
anhydride for '4 hours, after which the unimolecular an- 
hydride of j8-propylglntario acid could be separated from the 
polymolecular anhydride of jS-methylpimelic acid by distil- 
lation. Th^ former compound was a colourless oil, b. p. 
175®/20 mm., which yielded /S-propyls^Qtaric acid, m. p. 52®, 
on being heated with caustic alkali and then acidified 
(compare Day and Thorpe, J , 1920, 117 , 1471), and an anilic 
acid, m. p. 128®, on treatment with aniline (Day and Thorpe, 
lloc, dt.) (Found: G, 67>3; H, 7*5. Calc, for OiiHitOgN: 
C, 67«45, H, 7*6^); the latter compound partly decomposed 
above 200®/17 mm. and was rapidly converted into j6-m(tbyl« 
cyclohexanone when heated at atmospheric pressure. 

The weight of /S-propylglutaric anhydride (estimated as 
the corresponding anilic acid) derivable from a known weight 
of the hydrolysed reduction product was ascertained. This 
figure showed the j3-propylglutario acid content of the acid 
mixture to be about 7% — improbably more than 10%— of 
the whole 

Addition of E^er$ to Ethyl /-ifefAyboriafe.— The /-me- 
thylsorbio ester was obtained from tiglic aldehyde in 50^ 
yield (b. p. 99 — 100®/ 15 mm.) by the method of Anwers and 
Heyna {Amuden, 1923, 434. 162). Since ethyl malonata 
could not be added to this compound under any of the con- 
ditions employed, ethyl cyanoacetate was used in its place. 

The conjugated ester (22 g ) was added to a mixture 
prepared by adding ethyl cyanoacetate (33 g.) to a solution 
cf sodium (0-4 g.) in the minimal quantity of absolute alcohol. 
No ether was added, since such addition at once precipitated 
the Bodiocyanoacetic eater and subsequently inhibited* the 
lojrmation of an addition product- Th^ fraction mixture, 
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after being heated for 9 hours on a steam-bath, yielded (i 
nnohangod roaotants ib. p. below Ki0°/18 mm.)* (ii) an addition 
product, and (iii) a very soiall quantity of a dark-coloured 
viscous liquid. The addition product was a colourless oil, 
shown subsequently to be a mixture of ethyl oc meyano.fiy-du 
methyl- tky-yenUiiejoc^dicarhoxylate (III) and ethyl octant, 
^vBobutenylglutarate (IV) (Found; C, 62-8; H, 7»95. Cj 41131 - 
0*N requires C, 62.9; H, 7 . 8 . 5 %). Yield, 18-40%. 

Oeonolysis of the Addition The addition product, 

dissolved in chloroform, was ozonised for .30 hours. The 
ozonide, from which the solvent was removed in the usual 
way, was decomposed by water, the containing vessel being 
gradually heated to 5(f while a stream of carbon dioxide was 
passed through it. The escapiug vapours were conducted 
into a solution of dimethyl-dihydroresorcinol, which rapidly 
deposited a bulky precipitate. The precipitate was the acetal- 
dehyde derivative of dimctbyldihydroresorcinol, l:l-di- 
methyl-4-ethylidene.H ; .5-cyclohexadione, m. p. 139° (mixed 
m. p. with an authentic specimen, 139°). 

When the evolution of acetaldehyde had ceased, the reac- 
tion mixture, which gave an intense purple colour with ferric 
chloride (to be expected if either formylacetic ester or its 
polymeride, oc-formylglutaconic ester, were present), was 
boiled on a sand-bath for about 3 hours to decompose the 
last trace of ozonide. The bulk of the resulting solution was 
considerably reduced by distilling off water at diminished 
pressure and the residue was boiled with 2.5% hydrochloric 
acid for 12 hours. After cooling, the acid solution was 
thoroughly extracted, first with ether and then with chloro- 
form. The solvent was removed from the extracts and the 
united residues were distilled. Two principal fractions were 
collected, the first, b. p. 120 — 12.5°/10 mm., consisting 
of crude ( compare Bischoff, 

Annalen, 1881, 206 , 331), the second, b. p. 205 — 210°/10 
mmii the solid keto-dilactone of / 3 -acetyl glutaric acid, 
(compare Jlmery, Annalen, 1897, 295. 104). ^ 
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The former of those was taken tip in water at 0° to 
separate it from the dissolved dilactone and converted into 
its semicarbasone. When the precantions necessary to the 
formation of a normal semicarbazone were followed (Blaise, 
Compt. rend., 1900, 130 , 1718), the product, after twice recry* 
stallising from aqueous alcohol, decomposed at about 182° 
but melted at 197°, the temperature recorded by Blaise, when 
heated on the Maquenne block (Found: C, 44*7; H, 7«0. 
Calc, for CTH 13 O 3 N 3 : C, 44-9; H, 6.9%). 

The solid keto-dilactone was sparingly soluble in other 
but readily soluble in chloroform. It crystallised in colour- 
less needles, m. p. 98—99°, from absolute alcohol (Fittig and 
Roth, Annalen, 1900, 314 , 16, give m. p. 99°; Emery, loc. cit., 
gives m. p. LOl — 102°). (Found : C, 53.7; H, 5*1. Calo. for 
CyHaO* ; C, 53-85; H, 5.1%). 

The authors desire to thank the Government Grant 
Committee of the Royal Society and the Chemical Society 
for grants which have covered a portion of the cost of the 
investigation. 

Imperial College of Seience and Technology, 

Lotulon S, W. 7 

(Reprinted from the Journal of the Chemical Society, If JO) 

XV-( B )— Muconic and Hydromuconic Acids. 

Part V- Ester-addition to Ethyl Muconate. 

By Ebnest Harold Farmer and Thakorbhai Naranji 

Mehta. 

It was previously found (Farmer, .T., 1922, 121 , 2015; 
1923, 123 , 3324) that when alcoholic ethyl sodiomalonate or 
ethyl sodiocyanoacetate was heated with ethyl muconate a 
complex mixture of nnidentiOable cyclised products was 
obtained; when, on the other hand, the reactants v^re kept 
for several days at room temperature in an ethereal mediffm 
(or in atu ethereal medium containing only a very smaU 
15 
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proportion uf alcohol) addition took place without the 
occurrence of serions cyclisation. Under the latter condi- 
tions, however, the addition product had suffered double- 
bond displacement and a considerable proportion thereof 
consisted of the substance (II) * instead of the normal oc/3- 
addilioD product (I). It was pointed out that equilibration 
of the three forms (I), (III), and (II) had doubtless 

EtO,C.CH:CH.CHX.CH,.CO,Et EtO,C.CH,.CH.-CX:CH.CO,Et 
(I.) (11.) 

EtO,C.CH,.CH:CX.CH,.CO,Et EtO,C.CH,.CHX.QHX.CH,.CO,Et 
(HI.) (IV.) 

X=CH(CO,Et)jOr CH(CN).CO,Et 

taken place (I III II), but no direct evidence of 

the presence of (1) and (III) was obtained. 

Recently, owing to the very numerous ester-additions 
successfully carried out under " catalytic ” conditions e,, 
with the employment of only a small proportion of sodium 
ethoxide (1/u to 1/10 mol.), it has seemed advisable to re- 
investigate the addition in order to discover if the normal 
ocj6-additioa product (I) is not indeed obtainable and to 
prepare, if possible, the double-addition product (IV), which 
has interesting synthetic applications. 

By employing as condensing agent a fractional molecular 
proportion of sodium dissolved in the minimal quantity of 
alcohol, the cyclising tendency was entirely checked. The 
product from ethyl mucon ate and ethyl inalonate was the 
normal addition product (1), since from both of its fission 
products (obtained by the actirn of either neutral permanga- 
nate or ozone) good yields of oxalic and tricarballylic acids 
were obtained. The addition product was, however, not 
quite free from one or both of the compounds (II) and (III), 

* Sinoa this aubstance is an oc^-sabstituted glutacouic ester, it 
doabtless existed alongside and in eqnilibriuin with its ^ ^-(glutaconic) 
isemeride, 


tun 

Bince its ozone fission product gave a colour with lerric 
chloride; nevertheless no appreciable - amount of either 
of. these was present, since none of the /S'^heto-esters 
EtO,C.CH,.CO.CH(CO,Et)„EtO,C.Crij.CH*.CO.CH(CO,Et)„and 
EtO|C*GH,<OH|-CO>GH(«CO|]i)t or their derivatives proved to 
be isolable. 

The normal addition product was easily obtained in good 
yield, but it could not bo induced to combine with a second 
molecule of the ester-addendum under “catalytic” conditions. 

Ex PEBI MENTAL, 

Addition of Ethyl Malonute to Ethyl Muconate . — Ethyl 
malonate (16 g.) was added to a solution of sodium (0<375 g.) 
in absolute alcohol (5 c. c.), and the product diluted with 
dry ether (1.50 c. c.). Ethyl muconate was then introduced, 
and the whole rcilnxcd for 5 hours on a water-bath. After 
cooling, a solution of acetic acid (1 g.) in water (10 o. c.) was 
added with rapid shaking. The ethereal liquor was thoroughly 
washed with sodium carbonate solution and with water, 
dried, and distilled. It yielded ethyl A^-butene-oc^-du 
carioxylate-Y-malonate as a colourless oil which on redistilla- 
tion boiled at 175 — 180°/2 mm. (Found: C, 56-9; H, 7«2. 
CirHaeOg requires G, 57-0; H, 7.2%). Yield, 70%. The 
constitution of this addition product, which contained a trace 
of an isomeric ester, followed from the nature of its degrada- 
tion products (below). 

Ozonolysis of the Addition /’rorffw:/.— This was carried out 
by submitting a chloroform solution of the addition product 
(10 g.) to a stream of ozonised oxygen until ozone was no 
longer absorbed. On removal of the solvent from the pro- 
duct a viscous colourless ozunide remained which was not 
easily decomposed by water except on boiling. The aqueous 
decomposition product gave a deep colour with forric chlo- 
ride, indicating that to some extent double-bond displace- 
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taent to the /S/- or ocjS-position (yielding ethyl 
bateue>oc8*dicarboxylate*j8-inalonate) had taken place. The 
amount of such displacement was, however, very small, 
since on complete oxidation of the aldehydic material in the 
ozonolysis product to the carboxylic acid stage by keeping it 
for 2 days with perhydrol (30 c. c.) (i. e,, until it no longer 
gave a colour with SchifE’s reagent), no neutral material — and 
consequently no appreciable quantity of either of the ketonic 

esters which should be formed from the respective A - or 
A^'form of the addition product — remained. This was 
ascertained by making the oxidation liquor alkaline with 
sodium carbonate and extracting it with ether. The dis* 
solved acidic esters were hydrolysed by heating with alkali 
and then decarboxylated by reiinxing with 25% hydroch* 
.loric acid for 20 hours. By extraction with ether first of the 
acid liquor, and then of the residue left on evaporation of 
the latter to dryness, a mixture of acids was obtained from 
which oxalic acid was removed as calcium oxalate. The 
residual acid after regeneration from the mother-liquor was 
found to be crude tricarballylic acid. This was most con- 
veniently purified by converting it into the lead salt and 
regenerating the acid therefrom with hydrogen sulphide. 
The tricarballylic acid thus obtained in good yield melted 
at 160" [mixed m. p., 160"; 3{ (tribasic), 175.5]. The residues 
were acidified and re-extracted, but no trace of another acid 
was obtained. 

Oxidation of the Addition Product with Permanganate. To 

the addition product (9*7 g.), dissolved in acetone and cooled 
to 0", 3% permanganate solution (containing excess of magne- 
sinm sulphate) was gradually added with mechanical stirring. 
Keduotion of permanganate was very rapid until the equi- 
valent of 4 atoms of oxygon per molecule of the addition 
product^ (*. 6*., 500 c. c.) had boon added. At this stage 
reduction ceased and the product was freed from manganese 
mud in the usual ws^y. The aqueous liquor was evaporated 
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to dryness, and tbe residue acidified and extracted with 
ether. The oil so obtained was hydrolysed with alkali, and 
afterwards deoarboxylated by boiling with 25^ hydrochloric 
acid for 24 hours. The acid liquor was evaporated to dry* 
ness and the residue extracted thoroughly with acetone. A 
viscous liquid was obtained which soon solidified; this was a 
mixture of oxalic and tricarballylic acids, from which the 
individual acids were economically separated in fairly good 
yield by the method described above. 

The authors desire to thank tbe Chemical Society for a 
grant to one of them (T. N. M.) which has defrayed a con* 
siderable portion of the coat of this investigation. 

Imperial Collese of Science and, Technology, 

London S, W. 7, 

( Beprinted (ron the Journal of the Chemical Society, Ifil. ) 

XV-(C)*-Influence of Poles and Polar Linkings '.on the 

Course pursued by Elimination Reactions. Part XI. 

Decomposition of Quaternary Ammonium Hydro* 
aides conttdning the fe>‘<*Butylcarbinyl Group. 

6t C. K. Ingold and C. S. Patel. 

It has been suggested (Part I; J., 1927, 997) that in. the 
decomposition of quaternary ammonium hydroxides having 
hydrocarbon radicals without a j8-hydrogen atom the group 
which is more stable as a cation will be preferentially eli* 
minated; but the examples given were not conclusive because 
benzyl, for instance, forms not only a more stable cation 
than methyl but also a more stable anion. A better compari* 
son would be between methyl and primary alpbyl groups, 
and the suggestion indicated would mean that the ethyl 
group, 0 H 3 -»CH,, should ceteris fiaribm be more readily 
eliminated than the methyl group, H— OH,, because in the 
former case the inductive effect represented by the arrow 
should stabilise the cation. Actually, the issue* as between 
methyl and ethyl is confused by the circumstance that the 
latter has an alternative mode of elimination, but the tert,- 



[ 118 ] 


bntyloarbinyl group, the simplest primary alpbyl group 
devoid of a jS-hydrogen atom, has not this disadvantage, and 
the argument illustrated for the ethyl group applies with 
greater force to this higher homologue, Me^O-^OHi. Wo 
find that tho decomposition of ^^.-butyicarbinyltrimethy* 
lammonium hydroxide proceeds substantially in a single 
dirootioo and that the alcohol eliminated is methyl alcohol. 
Thus the order of ease of elimination of the radicals con- 
cerned, 0 H 3 >CMe 3 *CH|, is tho reverse of that anticipated, 
and the circumstance that primary and secondary paraffin 
alcohols have never been observed to appear during the 
decompositions of ammonium hydroxides can, wo think, 
despite the complication of olefin-elimination, be accepted as 
indicating an intrinsically smaller tendency in primary and 
secondary alphyl groups than in the methyl group to under- 
go elimination as an alcohol. On tho other hand tho case of 
the /s/'^.-butyl group (Part I, loc. cit.) will servo as a warning 
against incautious generalisation. The position of the benzyl 
group relatively to methyl and primary alkyl groups follows 
from our observation that bcnzyl-<«r^.-bntyloarbinyldimethy- 
lamiuonium hydroxide decomposes to the extent of at least 
90^ in the direction leading to benzyl alcohol and tho com- 
plementary amine, thus indicating the order, 

C6H3.CH,>H.0H,>CMe3.CH,. 

Expibiiibntal. 

Preparation.~^The most convenient route to ferf.-butyl- 
carbinylamine and its methyl derivatives was found to be 
that which proceeds via pivalonitrile. Pivalic acid ("Organic 
Syntheses,’* YlII, 108) was converted into its chloride, b. p. 
103* (Bntlerow. Annalen, 1874, 173 , 373, who used PClg, re- 
cords 105— .106®), by treatment on the water-bath with SOCl^, 
and thenco into the amide, m. p. 155®, by moans of well-cool- 
ed cone, ac. and srystn. from H 2 O to remove NH 4 GI. 
From the amide, the nitrile, m.p. 15®, b. p, 106®, was prepared 
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.(Bntlerow, Inc, eit.\ and this was reduced (Freund and Lenze. 
Bd'., 1890, 23t 2867; 1891, 24. 2156; TissiBr, Ann.Ohim.Phys., 
189H, 29. 373) to the primary amine, b. p. 80— 82”, of which 
the hydrochloride had m.p. 274” (decomp.),the picrate, leaflets 
from alcohol, m. p. 205” (Found: C, 41.9; H, 5.15. CuHje- 
0,N« requires C, 41.8; H, 5.06^), and tho acetyl derivative, 
m.p. 75”. Methylation of the primary amine to the tertiary 
stage was accmplished by Eschweiler’s general method (Ber., 
1905, 38iflBl), a mixture of the hydrochloride (10 g.) and para* 
formaldeljyde being heated under reflux at 140* (bath temp.) 
for 3 hr. Treatment with cone. aq. KOH gave an oil consisting 
of tart, hutylcarbinylditnethylamine, which after drying with 
KOH and with Na had b. p. 96 — 97” (Found: C, 72.9; H, 14*6. 
CtHi^N requires C, 73.0; H, 14.8^). The hydrochlm'ide, pre- 
pared in EtjO-EtOH and oryst. from EtOH, formed hygros- 
copic prismatic plates, m. p. 182* (Found: 01, 23.15. CyHitN,- 
HCl requires 01, 2.3.4%), the hydrobromide was obtained as 
hygroscopic needles, m. p. 170“ (Pound: Br, 40.8. OjHj^tN, 
HBr requires Br, 40.8%) and the hydnodide as small crystals, 
m. p. 13.5” ( Found: I .52.8, OtH^tN.HI requires I, 
52.3%). The pici’ate, pptd. from EtjO and cryst. from EtOH, 
formed stout needles, m. p. 193* (Found: 0, 45.6; H. 5.9. 0^3 
H2 oO,N 4 requires 0, 45.3; H, 5.8%). A mixture of the tertiary 
base (5 g.) and Mel (7 g.) was kept for 4 br, at room temp, 
and the solid mass formed was ground with EtjO and crystal- 
lised from EtOH, lert.-btUylcarbinyUrimethylammonium 
iodide (10 g.) being obtained as a microcryst. mass, m. p 240* 
(decomp.) (Found: I, 49*1. CgHaoNI requires I, 49.4%). 
Similarly the to’/.-amine (7 g.) and benzyl bromide (12 g.) 
yielded bensyUioTi.-butylc(trbinyldimelhylammmmm bromide^ 
which, similarly purifled, had m. p. 2u0” (docomp.) (Found: 
Br, 27.7. C,4H24NBr requires Br, 28.0%). 

ferf.-Butylcarbinyldimethylamine was also obtained, 
though in small yield, by tho action of tert — Jintylmagne- 
sium chloride on dimethylaminomethyl n-butyl • ether 
(McLeod and Bobipson, J., 1921, 119. 1470), 
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^^'/•-Butyloarbinol, prepared by reduction of ethyl piva- 
late (Siohards, Ann, Ghim. Phys., 1910, 21f 337), was con- 
verted into the iodide with red P and 1, Tissier’s method. 
(Joe, dt.) being unsuccessful in our hands. On treatment 
with dimethylamine this iodMe yielded the hydriodide of 
the original amine (cf. Noller and Dinsmore, J, Amer, Ohem. 
Soc,, 1931, S3, 1185; 1932, 54, 1025). 

Decomposition of Hydroxides , — A solution of ^er^.-butylcar- 
binyltrimethylammonium hydroxide was prepared from the 
iodide (11«9 g.) and a small excess of Ag|0. Preliminary 
expts. having shown that the decomp. o£ the hydroxide 
yielded no gaseous products (substances which could be 
collected in dil. acid or Br after condensation of the aq. 
distillate), the hydroxide solution was distilled (bath temp. 
150— SflO^) in the ordinary way. The distillate yielded 4*95 g. 
of pure f^W.-butylcarbinyldimethylamine and the basic 
residues, when worked up as hydrochlorides, gave 0*82 g. of 
the salt of the same amine (total yield, 93%). The small loss 
appeared to be mainly mechanical, a careful search failing to 
reveal the presence of /<?/'^.-butylcarbinol or trimethylamine. 
MeOH was found in quantity and identified as methyl 
^•nitrobenzoate. 

The decomposition of benzyl-^er^.-butylcarbinyldimethy- 
lammonium hydroxide was conducted in the same way, and 
pure ^er^.-butylcarbinyldimethylamine was isolated in 90% 
yield. Benzyl alcohol was isolated in quantity, but neither 
MeOH nor ^«r^-butylcarbinol could be obtained. 

University of Leeds, 

University College, London, 


(Reprinted from the Journal of the Chemical Society, I9J3.) 



XVI. A Study of the Interaction between Thionyl Chloride 

and Substances Containing the Reactive Methylene 
Group. 

Part I. The Formation of Sulphoxides. 

By K, G, Naik, R, d. Desai and m. M, Parbkh. 

Daring the inveatigationa of the reaction between sulphnryl 
chloride and anbatonces containing the reactive methylene 
(— CHa— ) group, it was observed that sulphnryl chloride 
invariably acta as a chlorinating agent (Naik and Shah, 
J, Indian Oltetn, Soc., 1927, 4, 11 ), It was therefore, thought 
interesting to investigate the action of thionyl chloride on 
these substances, specially as it reacts with other compounds 

giving rise to various products depending upon the conditions 
of the experiments. 

The reactions of thionyl chloride may be roughly divided 
under three diflEercnt heads. It reacts as— 

(*) A chlorinating agent replacing groups such as (o) OH, 

( 6 )-SH,(<!) — NO 2 , (d) — SOjH, and (c) _H by chlorine 
(Meyer, Monatsh^ 1901, 22, 415; D. R. P. 201325.6, 
Frankland and Garner, J. Chem. Soc. 1914, I 05 HOI- 
Barbieranh Locquin, Bull. Soc. Chim., 1912, H, 223; Stabler 
and Schirm Ber., 1911, 44 , 319; McKenzie and Clough, J. Chm. 
Soc., 1913, 103, 687; Barger and Ewins, ibid, 1908, 93, 735 - 
Silbcrrad, ibid, 1921, 119, 2029; Meyer, Monalsh., 1915, 36,’ 
723; Poliak and Rudioh, ifnd, 1922, 43, 2029; Majima and 
Simanuki, Proc. Imp. Acad. Tokyo, 1926, 2, 544), 

(it) A dehydrating agent ( Denham and Woodhouse, 

J. Chetn. Soc., 1913, 103, 1861; Michaelis and Sieber, Annalen, 
1893, 274, 31?; Meyer, Monatsh., 1902, 23, 897; Laschi 
Monatsh., 1913.34, 165.3; Pawlewski, Bull. Acad. Sci. Cracow. 
1903, 8 ; Wohl, Ber., 1909, 40, 4698). 

(m) A “ thionating ’’ agent giving rise to snlphoninm 
chlorides, sulphoxides and sulphides ( Colby and McLonghltn 
Ber., 1887, 20, 195; Parker, Ber„ 1890, 23, 1844; Smiles and 
16 
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Bain, J. C/mi. Hoc,, 1907, 91, 1718; Gazdar and Smiles, 
J. Chem. Hoc., 1910, 97, 2249; Smiles an^ Le Rossiiiiiol, 
J. Clunn. 1901), 89. 897; 1908, 93. 745;"^ Alichaelis and 
collaborators, 1890, 23 , 3480; 1891, 24 , 745; 1893, 26, 
3158; 1897. 30, li09; Annahn, 18/3, 274, 173. 187, 200; 
Francke, Btr., 1898. 31, 3178; Hosenheim r.nd Saiow, Ber., 
1905,38, 1298; Green, J, C/iem.Soc., 1924 125, 1450). 

It is thus evident from the literature that thionyl chloride 
will react in a very interesting manner, as it does with phencls 
and amines with which the reactive methylene ( — CHa-~ ) 
group has many points of similarity in reaction. With these 
ideas in view, the reaction of thionyl chloride was studied 
first on malou-diphenylamide in presenco of dry benzene. A 
vigorous evolution of hydrochloric acid gas took place, chang* 
ing the colour of the solution to red, which gave yellowish-red 
needles. The courso of the reaction may be given as follows:— 

(KNH*C0),CH3-1-S001, s=(KNH*CO),C: SO+2UC1 
( where R= phenyl, tolyl.xylyl or a>naphthyl groups or one of 
the R is a hydrogen. ) 

The above constitution of the compound follows from the 
following considerations : — 

( i ) That the two hydrogen atoms are not supplied by the 
phenyl group, because — 

(a) Malon-dimethylamide, which possesses no such 
phenyl group, gives the compound SO : [OH (CO’NHCH,)^] 

(b) Malon-monophenylamide which possesses only one 
phenyl group, gives the compound, malommonophenylamide 
sulphoxide. if the phenyl group be reactive such a compound 
cannot be expected. 

(c) The Bulphoxidos obtained are very unstable whereas 
those having the grouping -SO* in the nucleus are very stable 
( Colby and McLoughlin, Parker, loc, dt, ). 

* (ii) That the hydrogen atoms eliminated are not those 
are attached to the nitrogen atom of the -RHR group, because 
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(a) Malon^imethylphenylamide, Awith contains no snch 
amidohydrogen, reacts with thionyl chloride. 

{b) Only one hydrogen is replaced in malon-dimethyl- 
amide, though it contains two such atuido-hydrogens. 

Thionyl chloride was made to react with the following 
amides : — 

(1) Malon-diphenylamide, (2) maV>n-di*o-tolylaa)ide, (3) 
malon-di-w-tolylamide, ( 4 ) rnalon-di-p tolylamide, ( 5 ) malon- 
di*( 1:4:5 )xylidide, ( 6 ) mHlon>di>a-naphtbylamide, (7) 
malonuii /!}.ni}phthylamide, (3) malon-mono.pheuylamide, (9) 
maloD.mono-o.tolylamide, ( 10 ) nialon-mono-m-tolylamidc, ( 11 ) 
malon-mono-jp.tolylamide, ( 12 ) malon-mono-a-naphthylamide, 
(13) malon.mono-| 8 >naphthylamide, (14) malou-di>methylphe. 
nylamide, (15) malon-p-tolylamate. (16) malon^-tolylainate, 
(17) malon.dimethylainide, (18) inalon.diethylamide, (19) 
malm'dipropylamido, ( 20 ) and ( 21 ) malon>dibatylatuide (n and 
iso-), ( 22 ) malonamide, and the amides of methylmalonic acid. 

Of the above, ( 1 ) to-(16) reacted to give snlphoxides 
(RNH*CO)jCHj+SOCt,=(RNH.CO)jC : SO+2HC1; 

but in tho case of amides (14), (15) and (16) the reaction pro- 
ducts were liquids, which did not solidify even when kept in 
a freezing mixture. Hence they were not worked up for the 
present. 

In the case of (17) and (18) only one hydrogen atom of the 
methylene group was found 'to be reactive, the reaction taking 
the following course : 

2(CH3NH.CO,)OH,-f S0C1,=[(CH3NH-C0),CH],:S0 + 2HCI. 

This type of reaction is not unusual. Many instances may 
be cited in which only one hydrogen atom of the methylene 
group had become reactive. Sulphur munochloride reacted 
with malondimethyiphenylamide giving a disulphide (Ph 
(Me)N- CO),CHJjS 3 (Naik, J. Chem. Soc., 1921, 119, 379; a 
monoohloro-derivative of the same was obtained by West (J, 
Ohem. Boc„ 1922. 121i 2196) by the action of free chlorine 
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and by Naik and Shah (loo. oit.) by snlpharyl ohloride on 
the same substanoe. Malon-dipropylamide monostilphonic 
acid was obtained by the action of chlorosulphonic acid on 
malon-dipropylamide (Naik and Shah, under publication). Such 
a type of reaction has generally been explained by supposing 
that the second hydrogen atom became sluggish after the first 
was replaced by the substituent. In the case of (22) no reaction 
takes place under the conditions generally observed in these 
experiments. In the case of all the remaining amides a 
vigorous evolution of hydrogen chloride was observed but no 
definite reaction product could bo separated because in all 
probability the sulphoxides formed were decomposed during 
the precipitation, owing to tbe unstable nature of such 
compounds. 

From the above results it can be seen that in a series like: — 

(i) CfI,(CO NHj)„ (ii) CHj(CO*NHCH,)j, (iii) NHj-CO-CH.* 
CO-NHH, (iv) UH,(CO-NHR)„ (v) CO,C,H 5 *CH,’CU NIIU the 
reactivity of the hydrogen atoms of the methylene group, 
which ii absent in (i), starts in (ii) and goes on increasing. This 
can be explained as tbe effect of tbe increase of the negative 
character of the two carbonyl groups adjacent to the reactive 
methylene group in all the compounds; for malonamide, in 
which the two amino-groups completely neutralise the negative 
character of the carbonyl groups attached to the methylene 
group, does not react with thionyl chloride, whereas, in all 
the other cases, the basic charac^r of the other substituted 
amino-groupings attached to the carbonyl group being progre- 
ssively reduced, the hydrogen atoms of the reactive methy- 
lene group are thrown into reactivity with increasing vigour. 
This reactivity is seen enhanced, when one or both of the 
amine-groups are replaced by negative groups, like phenyl, 
tolyl, naphthyl, etc. In the case of (v) where one of the amino 
groups in completely replaced by a carbethoxy group, the 

reaction is exceptionally vigorous. 

1 

, Three different hypotheses are put forth to explain the cour- 
se of the reactivity depending upon the total negativity, name- 
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ly, (>•) polarity hypothesis (Macbeth and collaborators, J. Ohem. 
Soe. 1922, 121 , 892, 904. 1109, 2169, 2527, 2601; 1923 123 , 
1121, 1925; 1925, 127 , 892, 1118; (2) keto-enol transformation 
Thorpe and collaborators, .7. Chem Soc , 1911, 99 , 2183 1921, 
119 , 1 03; 1922, 121 , 1896; (3) the combined effect of polarity 
and steric hindrances as wonld give rise to koto^nol transfer- 
mations (West, J. Sir.,, 1924, 125 . 710). The coarse 

of the reaction in the case of the compounds investigated can 
be represented on the keto^nol hypothesis, 'taking the case 
of malon-dipbenylamide (according to Norris and Thorpe. ) 
PhNH- CO' CHg CO NHPh PhNH.CO'CH:C(OH) -NHPh 

SOCl, 

> PhNH- CO* CH : CO* NHPh-»PhNH' GO CH' NHPh 

I. I 

SOCl SOCi 

(nnstable) 

The second hydrogen atom will again tantomerise and wili 
remove the second chlorine atom, giving rise to (CjIIjNH’CO), 
C:80. In the case of substances, where the second hydrogen 
atom remains sluggish, the second chlorine atom is removed by 
the other molecule. 

It is interesting to observe that these snlphoxides give rise 
to sulphides, when heated with dry bensene in presence of a 
dry catalyst such as hydrochloric acid gas and iodine. This 
will form the subject of a future communication. 

Experimental. 

Malnn-diplie.nylami(lfi mlphoxide, — Two g. of malon- di- 
phenyliimide were made to. interact with 1'6 g. of thionyl 
chloride in presence of 25 c. c. of dry benzene, on a water-bath. 
After an hour and a half, when the evolution of hydrochlorio 
acid bad nearly ceased, the mixture was concentrated and the 
compound was precipitated by slow addition of dry petroleum 
(b. p, 50-60° ). It came out in the form of yellowish-red 
needles. It was washed free from thionyl chloride by dry 
petroleum. It melted with decomposition at 129°. It is easily 
decomposed by water and alcohol giving the original amide 
and sulphur dioxide. (Found: S, 10-56; N, 9*52, • 

0i8 HijNjOgS requires S, 10*66; N. 9*32 per cent). 
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Malm-di'04olylamide Three g. of the amide 

were allowed to react with 1'6 g. of thionyl chloride as above. 
It gave a deep red crystalline compound, melting at 129-30*’. 
It is easily decomposed by water and alcohol. (Found: S, 9 61, 
CiT HjaOjNjS requires S, 9*75 per cent.) 

Malon-di-m-tolylainide $tilp1u)xide. — It was prepared from 
3 g. of the amide and i'Gg- of thiouyl chloride. It was a 
saffron coloured crystalline compound, which melted at 142-43°. 
It is decomposed by water and alcohol, ( Found: S, 9*87. 

OjNjS requires S, 9 75 per cent,). ^ 

Malon-dhpdolylamidi'. mlphoxide, — It was prepared like 
the above compound. It is a deep red crystalline compound. 
It decomposes above 170° and melts at 215°, It is decomposed 
by water and alcohol. (FoundrS, 9‘65. C„ IIjjOjNjS requires 
S, 9*75 per cent.), 

Malotuii-a naphthylamuk , — It wasnimilarly prepared from 
3*4 g. of the amide and 1*6 gr of thionyl chloride. It came 
out in the- form of oharcoal-iilack needles. It decomposes at 
165° and melts at 210°. It is decomposed by water and 
alcohol. (Found: S, 8*2 3. CjjHjgOjNjS requires 8, 8*00 per cent.) 

M(tlon’di-^‘tmphlhyhmid(f miphoxide. — It was prepared like 
the previous compound. They are deep red needle-shaped 
crystals. These decompose abovo 170°. and melt at 166*’. It 
is decomposed by water and alcohol. ( Fonud : S, 8'23. 
C„Hj,OjNjS requires S, 8*00 percent.). 

Malon~di{ 1: 4: 5*. yxylidide miphoxide, — It was prepared 
from 3*1 g. of the amide and 1*6 g. of thionyl chloride. It 
gave deep red needles. They melt at 172-3°. It is decompo- 
sed by water and alcohol, ( Found: S, 9*06. C„H,jO.,N,S 
requires 8, 8*96 per cent. ). 

Mahmmomtphenylamide mVphoxida. — It was prepared from 
2 g. of the amide and 1*4 g. of thionjl chloride. Tellowish- 
red needles were obtained. The product melts at 150°. It is 
deo^posed by water and alcohol. ( Found : S, 14*54, 
C,H,0,N,S requires 8, 14*28 per cent. ). 
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Malon-mono-p-tolylamide sulphoxide, — It was prepared 
from 21 g. of the amide and 1*4 g. of tbiouyl chloride. It 
came down in the form of chocolate coloured needles, m. p. 
ISO*?”. It is decomposed by wafer and alcohol. (Found: S, 
13’46. GjjHijOsNjS requires S, 13*44 per cent. ). 

Preparation of Mahn-mono-m-tolylamide, — Ethyl malonate 
( 25 g, ) and m.toluidine ( 11 g. ) were mixed in a round* 
bottomed flask, having a wide upright tube passing through 
the cork, fitted in the mouth of the flask. The length of the 
tube from fhe cork upwards to the bent, measured 15 cms. 
the flask was heated in a paraifin-bath maintained at a tern* 
perature of 120125°. The rate at which the alcohol was 
allowed to distill was regulated in such a way that the ester 
got no chance of being distilled out. After heating for eight 
hours, the contents were transferred to a stoppered bottle and 
were mixed with twice its amount of ammonia ( d 0*88 ) 
This was shaken for four hours. The semi-solid mass was 
transferred to a beaker and evaporated till it was nearly solid. 
This mass which was a mixture of malon-di-m-tolylamide, 
malon-mono-»i-tolylamide and malonamide, was filtered at the 
pump after cooling and washed with ether to remove the 
unreacted amine, it was boiled with alcohol and water (1 : 6) 
and filtered hot. This kept the insoluble diamide on the 
filter paper. The liquid deposited white thick needles on 
cooling the malonamide being kept in solution. The product 
melts at If 5". It is very soluble in hot water, methyl and 
ethyl alcohol, acetic acid, and sparingly so in cold water, hot 
benzene and hot carbon tetrachloride. It is insoluble in 
petroleum. ( Found: N, 14*46. C„Hj,0,N, requires N, 
14*58 per cent. ). 

Malo-mono-m-tolylamiae sulphoxide :— It was prepared like 
the previous sulphoxide. It gave yellowish-red needles, m.p, 
140®. It is decomposed by water and alcohol. ( Fonnd : S, 
13*45. 0.jH,jO,N,S requires 8. 13-44 per cent. ) * 

MaUm^tnono-o tolylamide : — ^Ethyl malonate ( 25 g. ) and 
odoluitline (11 g.) were heated under the same eonditlons as 
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stated above, and treated likewise. It gave thick white needles, 
m. p, 1 62° It is soinble in cold water, hot benzene and car- 
bon tetrachloride, and iusolnble in petroleum. ( Found : S, 
li'OJ. C,oH,,N,Oj requires N, 15*58 per cent. 

Mahn-mon(Mytohjlamide aulpltoxidei — It was prepared from 
2*1 g. of the amide and 1‘4 g. of thionyl chloride. It formed 
deep red crystals, m. p. loS**. The product is decomposed by 
water and alcohol. (Found : S, 13’58. OjjHjjOjNjS requires 
S, 13*44 per cent ). 

Malan-inono-a»mphthyl(tmide : — Ktbyl inalonate ( 25 g. ) 
and o-naphthylamine ( 14*1 g. ) were condensed under iden- 
tical conditions. After the usual treatment, it gave reddish 
needles, which after recrystallisation molted at 146°. It is very 
soinble in hot water, methyl and ethyl alcohol and acetic acid, 
and sparingly so in cold water, hot benzene and carbon tetra- 
chloride. It is insoluble in petroleum. ( Found : N, 11‘96. 
CijHjgOjN, requires N, 12*28 percent. ). 

Malon-mono-a-mphthylamida sulphoxida : — It was prepar- 
ed from 2*5 g. of the amide and 1*4 g. of thionyl chloride. 
It forms deeply coloured needles, melting at 170°. It is de- 
composed by water and alcohol. (Found : S, 11*02. 

N,S requires S, 11’64 per cent. ). 

Malon-tmno-^-nuphthylamide — Ethyl malonate (25 g.) and 
jS-naphthylamine (14‘1 g.) were similarly condensed and treat- 
ed. The equeous-alcoholio solution gave white leaflets, m. p, 
188°. In solubility it resembles the previous amide. (Found : 
N, 12*32. requires N, 12*28 per cent. ) 

Malon-mano-^-napMhylatnide sulphoxidet— It was prepared 
like the last sulphoxide. It forms chocolate coloured needles, 
m. p. 160°. It is decomposed by water and alcohol. (Found : 
S, 11*87. Ci,HioOjN,8 requires S, 11*64 per cent. ). 

Bia^nMim-dirnethylamide sulphoxide:—Tvo g. of malon-di- 
methylamide sulphoxide were made to react with 1*8 g. of 
thionf 1 chloride in 25 c .c. of dry benzene. After half an hour 
a white wystalline substance separated. When the evolution 
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of hydrogen chloride lia<l ceased, the reaction product was 
separated and filtered and washed with dry petroleum. It 
melts at 208“. It is sparingly solnble in benzene, but insolu- 
ble in toluene and petroleum. It is not decomposed by alcohol 
but is slowly decomposed by hot alcohol. ( Found ; S, 10*01, 
OijIIjgOsN 4 S requires S, lO-iii per cent. ). 

Bis-malon-dimethylamidc. sulplioxioe : — It was similarly 
obtained. It melts at 176°. The product is sparingly soluble 
in benzene and insoluble in toluene and petroleum. It is not 
decomposed by cold alcohol and water. (Found : S, 8’64. 
Oj^HjgOjN^S requires S, 8.81 per cent ). 

The authors take this opportunity to express their gratitude 
to the Government of His Highness the Gaekwar of Baroda for 
a grant which has dofi ayed the expenses incurred in this work. 
One of the authors (M.M.P.) wishes to record his gratitude to 
His Highness the Alahaiaja of Bhavanagar for granting a 
scholarship, which enabled him to carry out the research. 

ClIEMISTIlV DKI’ARTMKNT, 

Baroda Coodkoe, -Baroda. 

( Reprinted from the Journal of the Indian Chemical Society 
Vol. Vll. Issue No. 2) 

XVll. A, Study of the Interaction between Thionyl 
Chloride and Substances Containing the Reactive 
Methylene Group. . I^art 11. Conversion 
of Sulphoxides into Sulphides. 

BY: K. G, Naik and M. M. Pabekh. 

While studying the action of thionyl chloride on malon* 
diphenyl amide, it was found that if the reaction mixture was 
heated for more than four hours, a yellowish- white crystalline 
substance was precipitated. This compound was found to 
have the constitution, (OgHgNH CO), C:S:C(CO*NHO,HJ)g(l) 

This behaviour of malon-diphenylamide is not surprisitig 
in view ef the fact that thionyl chloride does react with 
17 
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different substances, giving rise to different products, depen* 
ding on the conditions of the experiment (Michaelis and 
Philips, Ber„ ls90, 23, 559; Sprauge, J C/tetn Soe,, 1891, 59* 
321; Jassinarri, Gaszelta, 1890, 20, 3l)2; Voswinkel, i 
1^195, 40. 241; Loth and Michaelis, Ber., 1894, 27, 2540; 
Michaelis and Godchaux, Ber; 1890, 23, 553; Michaelis and 
Sohindlar, Anfutlen 1899, 310 137). 

A sulphide similar to the above was also obtained by 
Michaelis and Philips {loc cit.) by the interaction of thionyl 
chloride and aceto-acetio ester, to which they attributed the 
constitution (II). 

The course of the reaction was explained by them on the 
assumption that thionyl chloride decomposes into sulphur 
dichloride and snlphuryl chloride; and the sulphur dichloride 
thus formed reacts with the ester as under: — 

2 SOCa, = SCi, + SO,Cl, ( 1 ) 

CH 3 CO _ CH 3 CO - 

2 >CH, +SCl,sr >CH |S+ 2HCl.,.(2) 

COjEt "-COjEt t , 

( 11 ) 

Michaelis and Loth observed that thionyl chloride reacted as 
under, with phenols, the final products of the reaction being 
sulphides: 

2C,H5-OH+SOC1,=s(OH*C,H3),SO+2HC1 (3) 

A 

(0H.C,H3),S0+ S0C1,s(0H*C,H3),S+S03 + Cl, (4) 

B 

Here the formation of sulphides from sulphoxides was 
attributed by them to '* the reducing action of thionyl 
chloride. ” This was supported by the fact that the substance 
(B), on treatment with nitric acid, gave the substance (A). 

It must however, be pointed out that the formation of the 
sulphides* from sulphoxides, as observed here, cannot be 
exifiained on any of the above hypotheses. The hypothesis of 
Miobaelis and Philips presupposes the assumption that .thionyl 
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chloride decomposes Into sulphur dichloride and salphnryl 
chloride. The reaction of snlphnr diohloride with snbstances 
containing the reactive methylene group has already been 
studied in this laboratory by Naik and Jadhav ( J. Indian 
Chem, Soc; 1936, 3, 261), and in no case was a sulphide of the 
type represented by Michealis and Philips obtained, the comp* 
unds formed having the constitation — 

R-CO SCI U-CO 

>C< or >CHSC1 

R*CO SCI R*CO 


(C) (D) 

Again Naik and Shah (J. Indian Chem, Hoc., 1927, 4,11) 
have observed during the investigation of the action of sul- 
pburyl chloride on the same substances, that chloio-compounds 
of the type. 


-CO Cl 


—CO 

>c< 

or 

>CIPC1 

—CO Cl 


—00 

(E) 


(F) 


are formed. Finally the chlorine disengaged as per (4) above 
would produce chloro-compounds similar to the above {cf. West 
J, Chem Soc., 1924, 125, 190). Had the course of the reaction 
been as represented by Michaolis and Philips or Michaolis and 
Loth, compounds of the type (C), (D), (R), or (P) should have 
been obtained, whereas during the present work no such 
compounds were isolated. 

Further, if the reaction proceeded as represented by 
Michaelis and Loth, the resulting sulphide would possess the 
constitution (G), thus: 

—CO —CO 

>C;SO+SOCL -> >0: S+SO,+Cl, 

—CO —CO 

(C) 

whereas the sulphides obtained hero have the constitutidn. 
, (RNH*CO),C:S:C(CONHR), 
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the sulphides have the oonBtitatioas assigned to- them 
as above folloem from the fact that, thio-bis-malon-diphenylr 
amide when hydrolysed with oaustio alkali yields aniline as 
one of the produots of hydrolysis. From this it is clear that 
the sulphur is neither attached to the nitrogen nor to any of 
the carbon atoms in the nucleus. 

From the above considerations, ono is led to suggest that the 
course of the reaction in the present case is entirely different 
from that represented by Michaelis and Philips or Michaelis 
and Loth. The formation of the sulphides from the sulpho* 
xides can bo well explained in the following manner : — 

(RNH-t!0).G:S;0+0:S:C(C0*NHU).s: [(UNH-C0),0], : S+SO, 

(H) 

where It may bo a tolyl, a phenyl or a naphthyl grouping. 

This reaction may proceed either («') spontaneously or (ii) 
in the presence of a catalyst (here thionyl cblotidu acts as the 
catalyst). In order to decide this point freshly prepared 
malon-diphenylamide sulphoxiJe was hoated in dry benzene 
solution (a) alone, (6) in the presence of thionyl chloride, 
(c) in the presence of dry hydrochloric acid gas, and (d) in the 
presence of iodine. In experiment (a) the original malon- 
diphenylamide was obtained back; whereas in all the other 
oases a distinct steady evolution of sulphur dioxide was preceiv- 
ed and the sulphide was isolated as the ilnal product. This 
definitely points to the conclusion that t'le s lipbid^s are form* 
ed from the sulphoxides under the infiuonce of the catalysts 
such as, thionyl chloride, hydrochloric acid gas or iodine. 

The investigation in connection with the formation of sul* 
phides from sulphoxides was carried out in the case of the 
sulphoxides obtained from the following amides : — 

(1) Malon-diphenylamide, (2) malon-di-o-tolylmide, (3) 
malon>di-m-tolylamide, (4) malou-di-p-tolylmide, (5) malon* 
di*a*uaphthylamide, (6) malon*di-^-naphthylamide, (7) malon* 
monopbtgxylamide, and (6) maloa*monu*m*lolylamide. 

, oln all the cases sulphides similar to (U) were obtained^ 
ttxcepl in (5) and (6), where besides these sulphides, by*pK)* 
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daota not contiuniog enlphar and having welting points higher 
than those of the original amides were obtained. These- are 
still under investigation. 

Experimental. 

Thio-bis-tnaUin-diphenylatnide (1). — Malon-diphenylamide 
(1*2 g.) was heated with tbioayl chloride ( l).9 g. ) for four 
hours, after which a solid began to separate. The reaction was 
continued till there was no further separation of the solid. 
The compound was hltur. d aftor cooling, and washed with 
dry petroleum i'b. p. It was then boiled with dry petro- 
leum to remove the adhering colour and crystallised from alco- 
hol; m.p. li)6°. It is fairly soluble in benzene, alcohol and 
acetic acid, but insoluble in petroleum and water. ( Found : S 
6*07; N, 10'62. C 3 oHjj 4 N 40 ^S requires S, 5*96 ; N, 10*44 per cent). 

Action qf dry Hydrochloric Add on Malon-diphmylamide 
Sulphoxide : — One g. of freshly prepared sulphoxide was 
dissolved in 2') c. c. of dry benzene and healed under reflux. 
Dry hydrochloric acid gas was then slowly passed through 
this solution. After sometime a solid began to separate. The 
reaction was carried on till there was no evolution of sulphur 
dioxide. It was iiltored and washed with petroleum; it was 
found to be identical with (1) obtained above. 

Action qf Iodine : — The above sulphoxide (1 g.) was dis- 
solved in 2-3 G. c. of dry benzene and 0*4 g, of iodine was added 
to it. The mixture was heated under rutlux for about half an 
hour, when a solid began to • separate. When the evolution of 
sulphur dioxide had ceased, the compound was filtered and 
washed with alcohol. It was crystallised from alcohol and 
subsequently found to be identical with the thio-bis-malon- 
di phony lamide, obtained in the last two cases. 

Hydrolysis of Thio-bis malon-dipluinylamide :>~.The thio« 
compound (3 g.) was refluxed with caustic potash (7 g.) dissolv- 
ed in 10 c.c, of water for two hours. A heavy liquid separated 
out; the mixture was extracted with ether, which on evapora- 
tion left a liquid, which was identified as aniline. Thfs 
• *1 
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aqaeooB MlutioD was evaporated on a water-bath when a solid 
was obtained, whloh on treatment with hydrochloric acid 
evolved hydrogen salphide. In all probability the ** thio ’*• 
grouping was deocompoaed daring the hydrolysis giving rise 
to potas^nm salphide, which evolved hydrogen salphide. 

Thio-bis malon-di-o-tolylamide, — It Wis similarly prepared 
from 1*5 g. of the amide and 0*9 g, of thionyl chloride by 
heating for fonr hoars. The compound was crystallised from 
alcohol in white needles, m. p. 214”. It is solable in alcohol 
and acetic acid bat insoluble in petroleum and water. (Found: 
S, 5‘07 .Cj 4H„04N4S requires S, 5*41 per cent.). 

ThiO'bi‘tm?m di-m-folylamid^ —It was prepared like the 
previous compound. The substance was precipitated by slowly 
adding the solution to a large amount of petrolenm. This was 
repeatedly done by dissolving the oomponnd in benzene and 
reprecipitating with petroleum till the melting point was 
constant. It is a dirty yellow substance, m. p- 164”. It is 
soluble in benzene and acetic acid bat insolnble in petroleum. 
(Found:S, 5*45. G,4H„04N4S requires S, 5.41 per cent.). 

T^uhHs-nudon-di-p-Mylamid^.. — It was prepared as usnal. 
The precipitated substance was filtered and washed with 
petroleam, and then boiled with alcohol to remove the 
adhering colour. It is a deep yellow snbstance and melts at 
198”. It is very solable in acetic acid and sparingly soluble in 
benzene and alcohol, bat insoluble in petroleum. Found: S, 
5*71. 0,4H,,04N4S requires S, 5*41 per cent.), 

Thio-bis-malon-di-a-napht/iylamide. — Malon-di-a-naphthy- 
lamide (1*7 g.) was refiuxed in benzene with 0-9 g. of thionyl 
chloride, for four hours. A substance was precipitated, which 
was filtered. On examination it was found to contain no 
sulphur (m. p. 248”). The filtrate was then added to a large 
amount of petroleam, when a compound was precipitated. 
After repeated reprecipitations, it was found to melt at 132”. 
It is very Solable in benzene and acetic acid but insoluble in 
petAleum. (Found: S, 4*04. 04,113, 04N4S requires S, 4*34 
per cent,). 
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T}ti<hlnS‘imlm‘di-fi~napMhylamide,--‘Tbia was prepared 
likethe previous oomponud. The substanoe precipitated daring 
heating contained no sulphut and melted at 265°. The ** thio ” 
oomponnd was precipitated from the solntion by petroleum. 
After purification it melts at 146°. It is a dirty yellow 
substanoe soluble in benzene and acetic acid but insoluble in 
petroleum, Found'.S. 4‘66. C4,H,,04N4S requires S, 4*31 per 
cent.). 

Thio-bi8‘malon<monophenylamide,— It was prepared like the 
other thiO'Compounds. After repeated repreoipitations, it was 
found to melt at 114°. It is soluble in benzene and acetic 
acid but insoluble in petroleum. Found: S;8*46. CuH4,04N'^S 
requires S. 8'33 per cent,). 

TMo-Us-malm-m-Udylamide. — This was prepared as usual. 
It is a yellow substance, m. p. 123°. It is soluble in benzene 
and acetic acid but insoluble in petroleum and water. (Found: 
S, 7'58. C|oH, 404N,S requires S, 7*77 per cent.). 

The authors desire to record their gratitude to the Govem> 
ment of His Highness the Gaekwar of Baroda for a grant which 
has defrayed the expenses incurred in this work. One of the 
authors (M.M.P.} also desires to express his gratitude to H. H. 
the Maharaja of Bhavnagar for a scholarship which enabled 
him to carry on this work. 

CuBMisTRY Department, 

Baroda College, Baroda. 

( Reprinted from the Journal of the Indian Chemical Society 
Vol. YU. Issue No. 2 ) 



XVin. A Study of the Interaction of Selenium 
Tetrachloride With Substances Containing the 
Reactive Methylene Group* 

Bit K. G. Naik and R. K. TuiVBDr. 

. Jateractions of h^-diketoaea with seleniam tetrachloride 
seem to have been atadied by variona worker^.* The subject 
matter of the present paper consista of a study of the interaction 
of selenium tetrachloride with the substituted amides of 
malonio acid. It was undertaken with a view to study the 
reactivity of the hydrogen atoms of the methylene ('CH,') 
group in amides and substituted amides of malonio acid. 

In view of the decomposition of selenium tetrachloride 
studied by Taylor, Prideaux and ]^oo\ {J, Amer. Cltem, Soc., 
1926, 48i 2129), it is not improbable that in the present 
injieraotion it may decompose as — 

2Se CI 4 =s Se, + 3C1„ 

. Aspuob, it was expected that in the present interaction, the 
reactivity of selenium tetrachloride wilt be similar to 
that of sulphur monoohloride (Naik J Chem, Sac,, 1921, 119, 
379), Selenium tetra-chioride would, therefore, react with 

thh substituted amides of malonio acid to form either chloro- 
compounds orselenides of the type, >C=sSe. 

It is not improbable that in the initial stage of the reaction 
a diselenide, : C : Be : Se may have been formed, which then 
passes over into a monoselenide of the type >G:Be. This is 
not unusual in view of the mechanism of the reaction between 
ethylene and sulphur monocbloride. 

( CH,C1*0H, ),S : S (I) 

20H,:CH-+C1,: S:S< 

( CH,OrCH, ),S+S (II) 

That the disulphide (1) passes into the monosnlphide (2) was 
finally settled by the late Lieut. Col. Harrison daring the 

fi 

* ^ichaelis and Kuuckoll, Ber, 1897, 30, 2823; Morgan and Drew, 
/. CAem. Soe., 1920, 117 , 1466; ibid, 1922,121, 2441; Morgan and Porte, 
and, 1984, 120. 1878. 


[ 187 ] 


great war. The second snlphar atom in this case behaTes as if 
it were in solution ( Naik, he, dt . ). The same may be heid 
to be true in the case of the selenides. 

In the present case it was found that selenium compounds 
of the type (b) >0 : Se, were only formed. It was also interes* 
ting to find out the exact conditions under which selenides 
could be obtained, as also those governing the formation of 
the chlon^omponnds. 

With the above purpose in view selenium tetrachloride was 
made to react with the following substituted amides i— 

(1) Malon-diphenylamide, (2) Malon-dl-p-tolylamide, (3) 
Malondi>»i*tolylamide, (4) Malon-di>j8-naphthylamide, (5) Me< 
thylmalon-di'phenylamide, (6) Methylmalon-diTP tolylamide, 
(7) Methylmalon-di-m-tolylamide, (8) Methylmalon-di-j8>naph. 
thylamide. (9) Malon-dibensylamide, (10) Malon-dipropyla- 
mide, (11) Malon«diheptylamide, (12) !Malon-di-( 1:3:4) 
xylidide, (13) Malon-di-( 1:4:5) xylidide, (14) Malon-di-o* 
naphtbylamide, (15) Malonamide,(16) Malonmonophenylamide, 
(17) Malonmono<p-tolylamide, (18) Malon-p«toly]amate, (19) 
Malonic ester. 

The main results of the present investigation can be snmm> 
arised as under • 

Type I — Amides which interact to form selenides. Compo- 
unds from (1) to (8) interact to form selenides of the type^ 
(-CO'O-CO-),. 

Type 11 — ^Amides which interact to form chloro-compounds 
Compounde from (9) to (13) react to give substances of the 
type, .CO*CCl,-CO. 

7)/pe III— Amides which do not interact with selenium 
tetrachloride. Substances (14) to (17) do not react. 

Compounds (18) and (19) form resinous products with 
selenium tetrachloride. * 

j^fpe I, — ^The first compound of this series was prepared 
by the action of selenium tetrachloride on mgl<»t-dli;fiteny)ti> 

18 
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mide in dry ether, at ordinary temperature ( 27-30** ). The 
coarse of the reaction can be represented as— 

5(PhNH-CO)gCHj +4SeCl4 s 5(PhNH*00),0H, 

* -r(2SeJCl,^•6Cg 

s2(PhNH‘CO)jC : Sd-l-3(C,H,Cl*NH-CO),CH,.f.lOH01+2Se. 

(I) (11) . 

That the reaction actually follows the coarse shown above 
is based on the following considerations : — 

(1) Of the malon-diphenylamide nsed, only a pmall quanti- 
ty was atilised to form the selenide (I), as was evident from 
the yield. 

(2) The chloro-componud (II) was obtained in a large 
yield, thongb it was very diificnlt to get it in a pore condition, 
owing to the presence of free selenium in colloidal condition. 

(3) The observations of Taylor, Prideux and Pool regarding 
the decomposition of selenium tetrachloride {loc, cit.) also lend 
support to the view that the reaction follows the course 
represented by the equation given above. 

That the selenide (I) has the constitution shown above is 
evident from the following observations;— 

(t) The two hydrogen atoms eliminated in the formation of 
the selenide (I) are not those which were originally attached 
to two nitrogen atoms, because on hydrolysis with aqueous 
potassium hydroxide, the corresponding derivative of malon* 
di-j8-naphthylamide broke down giving j8-naphthylamine. 

(ti) The above fact also supports the view that the 
hydrogens eliminated are not those from the nuclei, for if that 
were so, jS-naphtbylamine could not be formed during the 
hydrolysis, 

(Hi) That the hydrogens are only removed from the methy* 
lene group in the present interaction is farther borne out by 
the reaction of methylmalon-diphenylamide with selenium 
letrachlofide, where a selenide of the constitution, (Ph'NH'CO), 
C(&H,)*Se'C(OH 3 )(CO- NHPh), is formed. Here the selenium 
tetrachloride requires two mono-substituted methylene groups 



to’sapply the two neoessary hydrogens, in spite of the faot that 
each molecule of methylmalou-diphenylamide has two hydro- 
gens available either from those attached to the nitrogens or 
from the two nuclei. 

It is evident, therefore, that the formula assigned to the 
selenide of malon-diphenylamido is correct. On considerations 
which led Morgan and his co-workers to represent selenium 
as tetravalent, the selenide (1) of malon-diphenylamide may * 
be represented as — 

.(PhNH*CO)j:CSe:Se:C:(CO-NHPh)g. 

As the selenides so obtained, are all insoluble in ordinary 
solvents, it was found very difficult to determine the molecular 
weight of any of these compounds. The stability of these 
selenides when treated with sodium bisulphite, whish should 
reduce them to the corresponding substituted malonamides, 
goes to strengthen the view that selenium here is rather 
tetravalent than divalent, 

Returning now to the dichioro-compoirnd tll), one is led to 
believe that the two chlorine atoms are in the nuclei, for, on try- 
ing to reduce the dichloro-compouild with hydrogen iodide by 
Kurt Meyer’s method, the dichloro-compouud was obtained un- 
changed. This compound is, therefore, different from the di- 
chloromalon-dipheny 1-amide CCij(CO‘NlIPh)j obtained by Naik 
and Shah (7. ImlUiu, CItein; 8oc,^ 11)1204, 12 ) by the interaction 
of snlphuryl chloride and malon-diphenylamide. That the two 
chlorine atoms of compound (11) are in the nuclei is further 
borne out by the fact that on hydrolysis with aqueous potash it 
yielded m-cbloroani]ine.t 

tThat the product of hydrolysis is //{-chlorouuilitie is substantiated 
on the following grounds: — 

(/) The acetyl (lu. p. 71®) and the bousoyl derivatives (m, p. 120«) of 
the product wore found to be identical with those obtained from m- 
diloroaniline. 

(//)p ;p.i)ichlormalouauilida molts at 2()1' (Ohattaway aftd ' Mason, 
J: Chem. Soc., 1910, 97, 340), whereas our tUchloro-oompound mCMts 
at 176»-7*6“. 
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ft, 0601 D 8 onrioQB that in tha oomponod (II) the halogens 
should prefer the nnolear hydrogens to those of the reactive 
methylene gronp. This behaviour is easily explained on the 
oonsiderations of the results obtained by Silberrad and Park 
(<7", Ohem, Soc, 1925, ]27> 2449), who pointed out that in the 
presence of chlorides of selenium as catalysts, chlorination of 
benzene derivatives takes place preferably in the nucleus rather 
than in the side-chain. 

From the above it follows that the diuhloro-compound (II) 
should be represented as CH,(CONHCgH^Cl),. 

The constitution of the two main products of the present 
interaction having been thus established, reactions of other 
substituted amides with selenium tetrachloride wore tried. 

Malon-di- p- and -m-tolylamides and malon-di-^-naphthy- 
lamide reacted with selenium tetrachloride giving rise to the 
selenides of the type (RNH CO),C:Se: Se: C (CO. NHR),. 

In order to study whether the same, type of reactivity 
presisted throughout the corresponding derivatives of methyl- 
malonic acid, the following four amides, namely (5) (6), (7), 
and (8) (vide supra) were subjected to the action of selenium 
tetrachloride, when it was found that selenides of the genera' 
structure, >(3(CH8)Se*C,(CH3)< were formed, 

It may be noted here that malonamide, malon-monopheny- 
lamide and malonmono-p-tolylamide were found not to react 
with selenium tetrachloride. Thus the reactivity which only 
began to manifest itself in the case of the dianilides and dito- 
lylamidos was increasing rapidly in the case of malon-o- and 
p-tolylamates, and reached its maximum in the case of malonic 
ester itself, so much so, that in the last two cases resinous 
products were obtained. Thus the experimental observations 
afford a clear evidence that the interaction of selenium tetra- 
chloride with the amides enumerated above depends on the 
total negativity of the groups attached to the two remaining 
valfhoies of the methylene carbon atom. If this carry neutral 
groups such as— CONU, as in malonamide, no interaction 
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ooonra. Even when the neutral character of one of the (X)NHj 
gronp is distnrbed by a phenyl or a tolyl gronp, interaction 
does not start. But when the neutral character of both the 
430NH, groups is disturbed by converting them into -CONHPh 
group, the reactivity starts. In a series like. 

CH,(CO*NH,)j NHjCOCHjCONHP CHj(CO*NHC„H,)* 
(*) di) (in] 

CH,(CO*NHPh) COjEfClIjCO’NHPh and CHj(CO,Et), 
(‘‘') (v) (in) 

the reactivity which is absent in (i) and (n) starts in (Hi) and 
goes on increasing, lessor and lesser time being required for 
the completion of the reaction. Finally in the case of (v) and 
(vi) the reaction proceeds so vigorously that resinous 
products are obtained. 

The interaction of selenium tetmchloride with the amides 
enumerated under Type II, resulted in the formation of dichloro* 
compounds, thus: 

(RNHCO),Cll,+SeCi,=(RNHCO),CCl*+2HCH-Se. 

In all these cases the halogens replaced the hydrogens 
originally attached to the methylene carbon atom, as was 
evident from the fact that when such compounds were treated 
with potassium iodide and concentrated hydrochloric acid, 
the halogens wore easily reduced. Of the five compounds 
thus prepared two, namely dichlororaalon-dipropylamide and 
dichloromalou— dibensylaini«ic were identical with those 
prepared by Naik and Shah (hw, cit). The other three are 
now and their constitutions are established on the same 
considerations as in the case of the first two dichloro- 
oompounds, Such a type of chlorinating action of selenium 
tetra-chloride has already been reported by Morgan and Drew 
JrnChem. 8o(‘,y 1920, 119 , 1452), 

EXPBBIM KNT AL. 

Qetteral Metlu)d of preparation. — The amide (5 mols.) ^gas 
made to react with selenium tetrachloride (4 mols.) suspended 



in anhydrous ether. The reactions were carried ont at 
ordinary temperature carefully excluding moisture^ Hydro* 
gen chloride was evolved during the course of the reaction. 
At the end of the reaction, (usually after 8 or 10 hours) the 
ether was slowly evaporated off and a greenish>yellow product 
coated with a thin film of selenium (red variety) was obtained. 
The dry mass was then repeatedly extracted with dry bensene, 
till no red film was formed on the product on drying. To 
ascertain that the componud was free from selenium metal, it 
was treated with reduced copper gauze in boiling benzene, 
until tbe shining surface of the copper gauze no longer blacken- 
ed. The product was thus completely freed from selenium. 

Selenomalon-dipJienylamiik. — Malon-dipheuylamide (1*5 g.) 
was made to react with selenium tetrachloride (I'O g.) in 5U 
c. c. of anhydrous ether. Selenomalon-diphenylamide was 
isolated and purified as mentioned above. The substance was 
insoluble in alcohol, chloroform, benzene, ether, petroleum, 
carbon disulphide, carbon tetrachloride, toluene, xylene, acetic 
acid and acetone. It was soluble in aniline and pyridine, but 
on evaporating the solvents, the substance was found to have 
been decomposed into the original malon-diphenylamide and 
elemental selenium (yellowish-greeu amorphous powder,) It 
darkened at 217° and melted at 222-223° to a clear red liquid. 
(Found: Se, 22'9': . CjoHj^N^O^Se, requires Se, 23*86 per cent.) 

Reduction of Selenomalon-dipJtenylamide.-Oa reduction with 
alkaline hydrosnlphide (Brand, Bcr., 1906, 42, 3464) seleno- 
malon-diphenylamide was transformed into malon-diphenyla- 
mideand hydrogen selenide. The hydrogen selenide thus 
formed deposited selenium (red variety) on standing, the 
malon-diphenylamide obtained having been identified. 

Bromination of iSelenonialon-dipfienylamide-Wiion compound 
(I) was treated with bromine, selenium bromide was produced 
together with CBr,(CO*NHPh)j, which was found to be identi- 
(Md ewith the compound of Backes, West and Whiteley (/. 
Ckem. Soc., 1921, 119 . 374). 
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Mahn-dtehlorodiphenylamuk, — In the course of the above 
reaction malon-diphenyhmide was partly oonrerted into 
maloudiohloro'pbenylamide, This snbstanoe was obtained in 
benzene eolation, used in the extraction of selenomalon- 
diphenylamide. On evaporating benzene malon-diohlorodi* 
phenylauiide was obtained ais a crude sticky red powder. On 
repeated crystallisation it was obtained in the form of colour* 
less cabio crystals from alcohol, m. p. 175-76'‘. (Found: Cl, 
21*70. OijHi,N,0,Cl, requires Cl, 21*96° per cent.) 

• 

Hydrolyais of Mdlon-diehlorodiphenylamide, — The dichloro* 
compound (2*0 g.) was mixed with an aqueous solution of 
caustic potash (5 g. NaOH in 10 c, c.). The whole was then 
refluxed for three hours. A. red-brown liquid separated. 
This was extracted with other, and after puriflcation was 
identifled as m-chloroaniline (b. p. 211°). 

iSisfenomaTon-dr-p— foli/^m^'^«'Malon‘di‘P*tolylamide (1*5 g.) 
and selenium tetrachloride (1 g.) in 50 c. c. anhydrous ether 
were employed and the resulting selenomalon-di•j^■tolylamide 
was obtained after puriflcation, as an yellow powder, m. p. 
218-219°. The behaviour of this substance towards solvents 
was similar to that of selenomalon-diphenylamide. (Found: 
Se, 22*09, Cj 4 H 3 ,N 404 So, requires Se, 22*01 per cent.). 

Sdmomalon-di-m-4olylamide.— .This was obtained in the 
same way as the paro-derivative and had in similar properties, 
the time required for the completion of the reaction was less 
in this case. It melted at 210-211°, darkening previously at 
205°. (Found: So, 21-75, C^H^N^O^Se, requires Se, 22*04 
per cent.). 

Selenium tetrachloride 
(1 g,), suspended in 60 c. c. of anhydrous ether was made to 
react with malonHii-jS-naphthylamide (1-3 g,), the reaction 
mixture being kept overnight, Selenomalon-di-;fliaphthyl- 
amide, m, p. 220°, was obtained after tho usual prooeHure. 
(Found! 3«, 16’26. O^H^N^O.Se, requires Se, 18*32 per cent,), 
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Hydrolysia-qfi^enmalon-di-B’^phthylamide^ g. of 
the selenide was refluxed for two hours with 20 o. o. of alcoholic 
potash (1 g.) when a buff-coloured sointiou was obtainedt A 
flooculent white mass separated on pouring the solution into 
a large excess of water. This was subsequently identified to 
be jS'-aaphthylamine, m, p, 111°. The filtrate deposited red 
selenium on standing. 

ISelenomethyttnalon^iphenylamide, -Metbylmalon— diphenyl* 
amide (2 g.) and selenium tetrachloride (1*5 g. ) in 60 c. o. of 
anhydrous ether were used. Tbe substance resembled the 
corresponding malon-diphenylamide derivative in its behavionr; 
uu p. 222^24°. (Pound: Se, 12*42. CsjHjoN^O.Se requires Se, 
12*87 per cent.). 

S^omethylmalon-di’-pdolylamide,— The amide (2*5 g.) in 
25 0 . c. of dry ether and selenium tetrachloride (1*0 g.) gave a 
product which was purified in the usual way. It blackens at 
210® and melts at 224*225°. Pound: Se, 11*76 
Se requires Se, 11*95 per cent.). 

Selm(miethylmal(m-di-Tn‘tolylamide.-.This was obtained in 
the form of a yellow amorphous powder by tbe interaction of 
2*5 g. of tbe amide with 1 g. of selenium tetrachloride. It 
melted at 221°. (Found; Se, 11*63. CjjHj^N^O^Se requires 
Se, 11*95 per cent.), 

Selenomthylindlon-du0-4iaphthylamide. — The selenide was 
prepared in the usual way from 8 g. of the amide and ro g. 
of selenium tetrachloride. It was a yellow powder insoluble in 
all organic solvents and melted at 229-230°. (Found: Se, 9 33, 
0 «H 4 ,N 404 Se requires Se, 9*71 per cent.). 

J[>»eAIoromaIon-di5(!pfi/famt(2e.— Malon-diheptylamide(l‘5 g ) 
was treated with selenium tetracbloiide (1 g.) in 30 c. c. of dry 
ether. At the end of 10-12 honrs, both the amide and tbe 
selenium tetrachloride uent into solution (pink). On evapora- 
ting the solution by means of hot air, a red pasty residue was 
obtained. On treatment with alcohol the pink film of red 
sel^nm was precipitated and a fairly colourless solution of 
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the dichloro'oompoand was obtained. After repeated oryatalli* 
sationa, the aabstanoo was obtained in colourless, stout, pris- 
matio needles, m. p. 90". It was soluble in alcohol, chloro- 
form, carbon tetrachloride, benzene, ether, acetic acid and 

acetone. ( Pound : Cl, 19*05. Cj^Hj^NjOjCl^ requires Cl, 19*34 
( per cent. ). 

Dichlaro)nalon-di-( 1:3:4) xylidide , — This substance 
was obtained from malon-di-f 1:3:4) xylidide ( 1*8 g. ) and 
seleninm tetrachloride ( TO g. ) in 50 c, c. of anhydrous ether. 
The pure sample formed fine culonrless needles melting at 
136-137". ( Pound : Cl, 18-09. C„IIj»N,0, Cl* requires Cl, 

18*53 per cent. ). 

Diehlorornahn-di-( 1 : 4 : 5 ) vylidule , — This was obtained 
in tho same way as the previous xylidide. On crystallisation 
it was obtained as colourless, shining, short needles, m. p. 170“. 
( Pound ; Cl, 1*1 '26. Cj,HgjN,OjClj requires Cl, 18'73 per cent.) 

The authors desire to express their gratitude to His High- 
ness the Maharaja Gaok war’s Government, for a grant b) which 
the expenses incurred in this research were mot. 

Ohrmistrv Drpautment, 

The Coi.r.EOE, Bakoda. 

( Reprinted from the Journal of the Indian Chemical Society 
Vol. VII. Issue No> 3) 

X1X< Interaction of Iodine Monochloride with Substances 
G>ntaiaing the Reactive Methylene Group. 

BY K. G. NAiK AND C. C. Shah. 

Although the chloro- and bromo-.lerivativcs of substitnted 
malonamides havo been extensively prepared and studied 
(Backes, West and Whiteley, J. diem. Soc., 1921, 119 , 362; 
West, ibid, 1922, 121 , 2196; 1924, 125 , 710; 1925, 127 , 748; 
Naik and Shah,/. Indian. Ghem. Soc\ 1927, 4 , 11), iodo- 
derivatives of the same are not known. However, di-iodoma- 
lonio acid and methyl di-iodomalonate have been prepared by 
Willsthtter ( Ber., 1902, 35 , 1377), who describes thenf as very 

unstable substances decomposing spontaneously at ordiiftry 
temperaime, 

W* 
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Moreover, in view of the faot that the ohloromalonamidea 
are more stable than the bromomalonamidea (West, loo. dt.), 
it was expected that iodomalonamides will bo very reactive 
and will thus form an interesting subject for the study of the 
effect of the adjoining groups on the two hydrogen atome of 
the reactive methylene group, which problem is being tackled 
in this laboratory for the last several years (Naik, J. Cliem, Soc.^ 
1921. 119, 379 and snbaeqaent papers). 

With this end in view, the interaction of iodine mono- 
chloride with the following snbstances was stadied: — 

(1) Malondiprbpylamide, (3) malondiheptylamide, (3) 
malon-amide, (4) malondibenzylamide, (i) malondiphenyl- 
atnide, (6) uialondi-o-tolylamidc, (7) malondi-^tolylamido, 
(8) malon-dimethylphenylainide, (9) malondi-a*naphthyl- 
amide , (10) malonmouophcnylamide, (11) malonmono- 2 ^ 
tolylamide, (13) methyliaalon-diphenyiainide, and (13) methyl- 
malondi-o-tolylamide. 

The nse of iodine monochloride as an iodinating agent is 
well known (Schutzenberger, Z. Ohem. phartm 1861, 5, 1; 
Michael and Norton, Ber ; 187H, H, lOS; Ostermeyer, C, 1884, 
937; Wheeler and Liddle, Amer, Ohem. J. 1C09 42. 441; C; 
1910. 1, 528; Willgerodt and Arnold, Ber; 1901, 84, 3344; 
Obfman, Qazzetta 1920, If, 50, 269; C; 1921, 1, 043) specially 
in the case of aromatic compounds. It was expected that here 
iodo-derivatives of the substituted malonamides will be 
obtained, But contrary to our expectations we only obtained 
ohloro-derivatives many of which have already been prepared 
by Naik and Shah (ioc. ctf.). 

Of the compounds investigated, in the ease of (1), (2), (3), 
(4), (6), (7) and (11), the reactive methylene group was 
oonverted into -OCl, withont the halogenatiou of the nnolens, 
while in the case of (9), the nucleus was also attacked and 
CCl,(CO’NB[Ct,H,01)j was obtained. In the case of (8) and 
(10^ only one hydrogen atom of the methylene group was 
attacked with the formation of the — CHOI group, tbe^nuolei 



in tlie case of (8) remaining nn-affected. In the case of 
and (13), having only one available hydrogen in the methylene 
group; Me COl (CO-NHC.H.Cl)* and MeCCl (CO-NHO,H,Cl), 
were formed. 

Malon-diphenylamide (5) forms a curious exception for in 
this case the methylene group remains intact, the nuclei only 
being halogenated, giving rise to CHj(CO*NHC,H^Cl)jj. The 
same compound was obtoihed by Naik and Trivodi J. Indian 
Chem iSoc., 1930, 7, 239) by the action of selenium tetrachloride 
on the same §ubstanco. 

The method for differentiating the chlorine atoms in the 
methylene group from those in the nucleus was the same as 
the one adopted by Naik and Shah (loc, cit,). 

Expbeimentai,. 

The amide (1 mol,] was treated with iodine monochloride 
(4 mols.) in presence of chloroform. After allowing the 
reaction mixture to remain at ordinary temperature (30°) for 
twenty-four hours, it was refluxed on a water-bath for three 
hours. The chloroform solution was then shaken with 10 per 
cent, sodium thiosulphate to remove free iodine and after 
separation from the aqueous layer was evaporated to dryness. 
The resulting solid was crystallised from a suitable solvent. 
In the case of dichloromalonamide, nothing was recovered 
from the chloroform solution, so the white mass adhering to 
the flask was extracted with water, and was boiled till all the 
iodine volatilised; the solution was their concentrated when 
the product separated. 

In this way, malon-dipropylamide gave rise to dichloro- 
malon-dipropylamide (Naik and Shah), malondiheptylamide 
to dichloro-malondihoptylamide ( Naik and Trivedi ), malon* 
amide to dichloromalonamide (Backes, West and Whiteley) 
malondibenzylamide to dichloromalondibomsylamide (N. and 
S. ), maloudiphenylamide to malondichlorophenylamftf^ ( N. 
and T. ), malondi-o-tolylamide to dichloromalondi-o*tolylt- 
mide ( N. and S. ), maloudirP-tolylamide to dichloromalondi-ji- 
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tolylamide ( N. und S. ), malondimetbylphenylamide to mono- 
ohloromalondimethylphenylamido ( N. and S, ), and malonmono* 
f><to]ylainide to diohloromalonmonoTP-tolylamide ( N. and S. ). 

Dichlonotmlondichlaro’oc-^phthylamide was obtained from 
one g, of the amide and t g. of iodine monoohlorido. It was 
reorystallised from benzene as wliiie needles, ni.p. 191''. It 
is fairly soluble in alcohol, benzene and chloroform but slight- 
ly so in petroleum. (Found : Cl, 28*71; Cl( malonyl ). 14*44 
requires Cl. 28’92; Cl (malonyl) 14 *41) per cent.) 

Monwhloroimlmimonochlor(y)henylamiclf : — Drift g. of the 
amide and d g. of iodine monochlorido in 35 c. c. of chloro- 
form were taken. The whito substance was crystallised from 
benzene, m.p. 152°. 

It is easily soluble in alcohol, benzene, chloroform and 
acetic acid but almost insoluble in light petroleum. (Found : 
01,28*35; Cl, (malonyl), 14*80. CjlI,jO.NjClj requires Cl, 28*86; 
Cl (malonyl), 14*43 per cent. ), 

Mdltykliloromahnulkhloro-plmiyfumiil ' — One g. of methyl- 
malondiphonylarnide and 4 g. of iodine raouochloride were 
used. The product separated from benzene; m. p. 164°. It is 
very soluble in chloroform, acetone and ether but less so in 
benzene and alcohol. ( Found : Cl, 28.31; Cl (malonyl), 9*74. 
C^HjjOjNjClj requires Cl, 28*67; Cl (malonyl), 9*.55 per cent.). 

MethykhloromtlomHchloro-o-tulylamuk was obtained by the 
interaction of 3*5 g. iodine monochlorido with l g, inethyl- 
malondi-o-tolylamide in 25 c. c. chloroforni. It crystallises 
in fine needles from benzene and melts at 184°. It is very 
eoluble in acetone but less so in benzene, alcohol and chloro- 
form, and insoluble in petroleum. ( Found ; Cl, 26*74; Cl 
( malonyl ), 9*31. C^H^OjNjClj requires Cl, 26*62; Cl (malonyl), 
9*88 per cent. ). 

The authors take this opportunity to express their gratitude 
to the Qovernment of His Highness the Gaekwar of Baroda for 
a,*;rant which has defrayed tho expenses incurred in this work. 
One of the authors' ( C. C. S. ) also records his gratitude to His 
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Highness the Maharaja of Rajpipla, for a scholarship 'which 
has enableil him to carry ont this piece of research. 

CiiEMisiRY Department, Bakoda Colleos. 

(Reprinted from the Jonroal of the Indian Chemical Society 
Vol. VII. Issue No. 7) 

XX Mercuration of Compounds Containing the Reactive 
Methylene Gronp. 

By K. G, Naik and C. C. Shah. 

The mercurntion of the subsliatod amides of malonicacid 
was undertafkeu with a view to study the change in the stability 
of the carbon-mercury linkage in these compounds and thus 
throw, if possible, some light on the effect of the adjoining 
groups on tiie reactivity of the two hydrogen atoms of a 
methylene group situated between two negative groups, which 
has been the subject of investigation by Naik and hiS 
collaborators ( Naik, /. Oluiin. Sot:., 1921, 119, 379 and 

sabsequont papers). 

Wo have employed tlio method of Neogi and Chatterjee 
(J. Indian Glyrn, tioc,, 1.928, S» Ii2i), the merenrating agent 
being mercuric chloride in presence of Sodium bicarbonate and 
glycerol. It may be that at first an oxychloride of mercury is 
formed, wliicli sub.u^queutly reacts with the organic compounds 
giving rise to a merourated product, thus: — 

Ilg Clj+NaIIC03=:Hg(OH)Cl-|-NaCl-f.COg 
H'H + Hg(On)Cl=U-IIgCl-|-H,0. 

Tho following compounds wore morcurated by this 
method: — (1) Malonamide, (2) malondimethylamide, (3) 
malondiethylamidp, (4) malondipropylamide, (5) malondi>ri*< 
butylamido, (6) malondiZ-wbulylamide. (7) malondiMoamyl- 
amide, (8) maloiidiainylamide, (9) malondiheptylamide, and 
(10) ethyl malonate. 

Of these (7) and (8) were prepared for the first time. Only 
the alkylamides of malonic acid were selected for tho present 
purpose, in order to avoid the complications that may occur 
by the entraucc of mercury in Ibo nuclei of arylamides. 
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All the sabstances enamerated above react wiA menrario 
chloride under the experimental conditions yielding prodocts 
having the general formula. 

R-CO^ ^HgCl 
HgCl 

where R=ethoxy; amino-, methyltinino-, etc. group. 

This constituUon has been assigned to the compounds 
from the following oonsiderations — 

(i) The mercury has not entered the aliphatic part of the 
amido-gronp ( -NHB) because — * 

(a) no example seems to have been recorded in literature 
of mercury having thus substituted a hydrogen atom of an 
aliphatic compound; 

(b) malonamide, which contains no such aliphatic part, 
forms a similar mercury derivative; 

(e) the mercury derivatives of aliphatic compounds are not 
easily decomposed by potassium iodide and hydrochloric acid, 
while dicbloromercurimalondibeptylamide, obtained during 
the course of this work, is attacked by these reagents giving 
the original amide. 

(i%) The mercury atom has not replaced the ^-hydrogen 
atom, for 

(a) malonic ester which contains no such hydrogen atom 
forms a similar compound with mercuric chloride; 

(5) a study of the known merenrated substituted amides 
shows that the hydrogen attached to nitrogen can be substituted 
by mercury under exceptional conditions. Acetanilide on 
fusion with mercuric oxide forms iV'-mercuri-bis— acetanilide 
(Oppenheim and PaaflP, Ber., 1874; 7» 624, Wheeler, Amer, 
Ohem. J; 1896, 18, 696; Pesoi, Qazzetta, 1897, I, 27; 568), 
though a boiling solution of acetanilide gives p-acetamino- 
phenylmercuric acetate (Pesci, Z. anorg. Chem., 189 T, 15. 222; 
.Dimroth,,r^<ir: 1902, 35, 2037). Similarly p4kcetoxymercuri>«* 
aceti 2 ,toluidido is formed by reOuxing o-aoetotoluidide with 
mercuric acetate in water (Schranth, Schoeller and Bother, 
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Ber,f 1912, 45, 2812) while no iV-meroary-deriTaMve of the 
same seems to have been reported. Similar resalts are obtained 
with m-and i>4kcetotolnidides; 

(c) the AT-Hg-compooada behave as weak bases and a 
solution of meronri-acetamide can be titrated with hydroohlorio 
aoid using methyl orange as indicator (Ley and Kissel, Ber., 
1899, 32, 1357), while the products obtained herej are 
decomposed rather slowly. 

(Hi) The mercury is directly attached to the methylene 
carbon atom, for — 

(a) diohloromercarimalonamide gives dibromomalonamide 
on treatment with bromine; 

(b) the properties and behaviour of the products obtained 
is the Siune as those of compounds having mercury attached to 
the carbon inoe-position to a keto-group, as is shown below. 

The stability of the oarbon<mercary bond varies over a very 
wide range. Thus, in contrast to some of the mercarbides which 
remain unchanged even after prolonged boiling with faming 
hydroohlorio acid ( Hofmann, Ber., 1898, 31, 1905; 1900, 33 
<335), substances having a meronry atom attached to a carbon 
atom inoc-position to ;> keto-gronp, lose it on treatment with 
0‘25iV"<hy(Jroobloric acid (Dimrotb, Ber,, 1902, 35, 2870). 

Ethyl diohloiomeroarimalonate (HgCl), :C: (CO,Et)„ which 
was also prepared by Biilmann ( Ber., 1902, 35. 2580 ), on 
treatment with hot concentrated hydrochloric acid, liberates 
mercuric chloride and forms ethyl monochloromerourimalo* 
nate, thus : 

(HgOl), : 0 : (00,Et),+HClaHg0l*CH : (CO,Et)tHg01,. 

It is rather curions to observe that the second mercury atom 
in the same position is not removed simnltaneously. This 
behaviour is not, however, quite abnormal, for bromomercuri* 
acetic acid, BrHg*CH,‘00,H. which contains a mercdf^ atom 
attached to a carbon atom in oc> position to a keto group, is A>t 
decomp^^ by acids (Hofmann and Sand, Ber., i.9U0, 33, 1345) 



In the ease of dichloromercnrimalondiheptylamide, on the 
other hand, both the ohloromeronri-gronps are removed by the 
action of hydioohloric acid. 

It has also been possible to obtain ethyl monocbloromerou' 
rimalonate by the action of cold aqneons potaasinm iodide on 
the diohloromercnri'ester, though both the ohloromeronri- 
gronps are removed by the action of Iwt potassinm iodide 
solntion. Potassinm iodide reacts with organo-meronry corn* 
ponnds of the type S*HgX in three different ways ; (i) it may 
give rise to compounds of the type R’HgK (Whitmore, J, Atmr 
Ohm. Soc,, 1919, 41 , 1850); (ii) it may form an iodomercnri. 
oomponnd, R'Hgl (Yolhard, Annakn, 1892, 267 , 172), or (iii) 
it may bring about a complete splitting up of the carbon-mer 
cury linkage with the liberation of one equivalent of alkali for 
each carbon 'mercury linkage, thus : 

R'HgX+KI+H,OsrR H+HgXI+KOH. 

All compounds having mercury substituted for the hydrogen 
atoms in the grouping. -CO*CH,'CO-, -CO'CH,*CN, etc., 
behave in the above manner ( Biilman, Bar., 1902, 35,2580; 
Biilmann and Witt, 1909, 42 , 107J; Petterson, J.pr, 
Ghm„ 1912, ii, 86, 461). Dichloromercuriinalondiheptylamido 
is also decomposed by potassium iodide, with the liberation of 
two equivalents of alkali. 

The substances containing mercury in the reactive methy- 
lene group are unusually reactive towards hydrogen sulphide 
immediately giving mercuric sulphide ( Biilmann, loc, oil . ; 
Biilmann and Witt, loe, cit . , Lippmann, Z, Chem., 1869, ii, 5, 
29 ; Opponheim, Ber., 1877, 10 , 701 ; Behrend, Z. phaysikal, 
OAem.. 1893, 11, 478 ; Hofmann, Ber., 1898,31, 2215; Ley, 
Ber„ 1900, 33 , 1014 ; Michael, Ber., 1905, 38 , 209J); ethyl 
diohloromercurimalonate instantaneously gives a black precipi- 
tate of mercuric sulphide on treatment with hydrogen sulphide. 

Soditftn thiosulphate is the most general reagent used to 
brfiig about a change from the organo-meronry compounds of 
the type R*HgX to ^compounds of the type R,:Hg^( Pesoi, 



Ckmtta, 1899, 1, 29 , 394; Dimroth. Ber„ 1908, 35 « 2041; Khar- 
asoh and Piccard, J. Amer. CItem. 8oc., 1920, 42 , 1861; Whit- 
more apd Middleton, ibid, 1921, 43, 622, etc.), Howerer, when 
ethyl diohloromeronri'inalonate was dissolved in concentrated 
sodinm thiosulphate solution, only a negligible amount of a 
, red substance was deposited after standing for a day. 

Freund ( Ber., 1884, 17 , 133 ) obtained a compound from 
malonamide and metcuric oxide to which he assigned the for. 
mnla CH, : (CONH), : Hg, because dibromomalonamide also 
gives a similar compound, CBr, : (CONH), ; Hg ( Freund Ber., 
1884, 17 , 7^). However for the aforesaid reasons, dichloro* 
mercnrimalonamide has been assigned the formula (ClHg), : 
0:(C0NH,),. 

It has been observed by Naik and his co-workers that in a 
series like— 

(i) CH,(CO'NH,), (iw) RNH-CO-CH,-CO,Et 

(n) BNH-CO*CH,-CO NH, (v) CN'CH,*CO,Et 

(m) CH,(CO*NHR), (i;*) CH,(cO,Et), 

the reactivity of the methylene hydrogen atoms increases from 
(() to (vi). In it be assumed that the chloromercuri group 
which replaces a hydrogen atom of the methylene group is 
attached to the carbon atom with the same degree of tenacity 
as the corresponding hydrogen atoms, then the decomposition 
of the chloromercuri-derivatives of such compounds by pota- 
ssium iodide, etc., will also bo in the order of this reactivity. 
This has actually been found to be the case, for dichloromer- 
curimalondiheptylamide reacts with potassium iodide more 
slowly than does ethyl dichloromercurimalonate. 

Mercury in these compounds was estimated by the Francois* 
method; while chlorine was estimated by the Carins* method, 
but the precipitate of silver chloride was filtered and washed 
in the cold, on account of the solubility of silver chloride in 
hot water in the presence of mercuric salts. 

E X P B R 1 H B K T A L. 

Ethiyl Di(diloromrcurimalomte.—Ethy\ malonate ( 2 ^. ) 
and mercuric chloride ( 7 g. ) were dissolved in dilate (30%) 

SQ • 



aloohol and glycerol ( 20 o.o. ) added. A solntion of Bodiom 
bicarbonate (2*5 g.) was slowly added to it with constant stirr^ 
ing. After some time small silky needles began to come 
down. These wore filtered after two hoars and repeatedly 
washed with dilnto aloohol. The sabstanoe is insoluble in any 
of the ordinary solvents. It does not melt below 300% 
( Fonnd : Hg, 61*10; cl. 11*44, C 7 H,o 04 Cl|Hg, requires Hg, 
63’oi); Cl, 11*28 per cent. ), 

Action of HfidrochloHc Acid on the alove. — The substance 
( 1 g. ) was suspended in dilute alcohol and oonceptrated hydro- 
chloric acid ( 10 c. 0 . ) added. After refluxing for half an hour, 
the residue was filtered and washed. The filtrate was fonnd 
to contain mercuric chloride. The substance was insoluble 
in any solvent and does not melt but turns grey at 192-5*. 
(Found; Hg, 50*93; Cl, 8*52. C 7 Hi 404 ClHg requires Hg, 
50*69 ; Cl, 8*92 per cent. ) 

Action of Hydrogen Sulphide, — When hydrogen sulphide 
was slowly passed into a hot alcoholic suspension of the sube- 
tance, a black precipitate of mercuric sulphide was obtained. 

Action of Sodium Thioaulphate. — ^Tho substance completely 
went into solution in a 50% solution of sodium thiosulphate. 
On standing for twenty-four hours, a very small amount of a 
red substance was deposited. 

Action cf Potassium Imlide — (a) Alcoholic. The com- 
pound ( 0'2036 g. ) was suspended in alcohol and potassiam 
iodide ( 2 g. ) added. After half an hour, the alkali liberated, 
required 3*4 c.o. of 0'098A’-hydroohlorio acid. It was then reflu- 
xed for four hours on u water-bath, when a farther amount of 
alkali equivalent to 3*2 o.o. of 0’098iV-hydrochlorio acid was 
liberated. 

Calc. Fonnd. 

Equivalent of alkali ... 1 1*03 

2 1*90 

(bX^Agueous. The substance was shaken for half an hour 
yjUh. an aqueous solution of potassiam iodide, and the residue 
yfaa fllterecl and washed with alcohol. Qn analysis it weg 



found to be identical \rith ethyl monoohloromeronrimalonate. 

( Found : Hg, 51*15 ; Gl< 9*23 per cent ). 

DtcAloromercur/malona/m'de.— Malonamide ( 2 g. ) and 
meronrio chloride (11 g. ) were dissolved in water, and 
glycerol ( 20 c.c. ) was added. An aqneons solution of 
sodium bicarbonate ( 4 g. ) was then added to it. After an 
hour the whole liquid became slightly yellowish. The yellow 
floating particles coagulated and were easily filtered. The 
filtrate that came down was a milky solution conhiniug the 
product in colloidal suspension. It was, therefore, allowed to 
stand for five days, when the colloidal mass came down in 
small cubic crystals. This was filtered and repeatedly washed 
with water. 

It is soluble in alcohol, benzene and ether; the pure 
substance shrinks at 131-2* and melts with decomposition at 
220*. (Pound: Hg. 70-5; Cl, 12*32. C,H,0,N,CljHgj requires 
Hg. 70*05; Cl, 12‘43 per cent.) 

Action of Bromine on t/u> u^ov^-Aqueous bromine was slowly 
added to a suspension of the compound in water, till it was no 
longer absorbed. The residue was filtered and recrystallised f>*om 
alcohol; m. p. 203*. It is identical with dibromomulonamide. 

Dichlw'otmrcurimalondielhylamide, — It Wits prepared by a 
similar process. It is soluble in chloroform, benzene, methyl 
alcohol and ethyl alcohol, and melts at 241* (decomp), 
(Found Hg, 63-6; Cl, 11.90. CjHjO.N.CljHgj requires Hg, 
66*77; Cl, 11*85 per cent. ) 

Dichloromereurimalondiethylamide—T\u9 was prepared by 
the same method, but in dilute alcoholic solution. It crystallised 
after three days in cubic crjrstals, It is soluble in ether, 
benzene, chloroform and alcohol and has no definite melting 
point but decomposes turning yellow at 191°. (Pound: Hg, 
63*5; 01, 11-65. C,H„0,N,Cl,Hg, requires Hg, 63-79; Cl, 
11*32 per cent.) 

Dkhioromercurimalondipropylamide — This was siaftTBrly 
prepared. The product was separated on the day. A 
does not crystallise like the foregoing membersd^Blowed to 
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reniaia longer in oontaot with the eolation, bat instead 
gelatinises, which oan neither be filtered nor separated. It is 
solnble in aloohol, ether, chloroform and benaene; it changes 
colonr at 1C2® and melts at 173-5°. (Found: Hg,61*5; 01,10*725 
requires Hg, 6106; Cl, 10*84 per cent.). 

DiefUfirom&rcw'imalondibulylamule, — Prepared in the same 
way as above, it was washed with dilute alcohol, as it has a 
tendency to gelatinise in presence of ordinary solvents. This 
property is also shared by the following products. It is soluble 
in alcohol , ether, and benzene; m. p. 9C°. (Found: Hg, 58'4; 
Cl, 9*95. CjjH,jOjN,Cl,Hgj requires Hg, 58‘56; Cl, 10*39 
per cent. ) 

Dichloroni&rcunmalondiisobulylamule. — It was separated on 
the next day. It is solnble in alcohol, ether, benzene and 
chloroform; m. p. 108-9° (Found: Hg, 58*8; Cl, 10*52. 
CiiH|oO,N,Cl,Hgj requires Hg, 58'56: 01,10*39 per cent.) 

Preparation of Mahridiamylami(le,-—T\nB was prepared by 
the same method as used by Baokes,, West and Whiteley (J, 
Ohem. Soc’, 1921, 119, 359) for the preparation of alkylmalon- 
amides. Ethyl malonate (8 g.) and amylamine (8.7g.) were 
mixed up in a sealed tube and allowed to remain at ordinary 
temperature for 24 hours, and theti heated at 120°, for six 
hours. After cooling, the solid was washed out with petroleum 
and recrystallised from benzene m. p. 126° (yield, 80 %), It is 
very soluble in benzene, aloohol, ether, chloroform and carbon 
tetrachloride but slightly so in petroleum. (Found N, 12*0. 
CijHjgOjN, requires N, 11*57 per cent.) 

Dichloromercuritnalondiamylamide,—T]ie product became 
quite granular within three hours and conld therefore be 
separated. It was converted into a gelatinous product even on 
standing for a day. It melts with decomposition at 143°. 
(Pound. Hg, 56*5; C1.9*94. CijHj^OjNjCljHg, requires Hg, 
56*25; Cl, 9 98 per cent.) 

^^ndiiaoamylamide—Amyl&mim (9 g.) and ethyl malon- 
ate (8 g.) were mixed up in a sealed tube and allowed to 
remain for a day. This was, afterwards, heated for 12 . hodrs at 



tm 

200\ The contente were taken ont and concentrated on a 
water-bath, when a thick syrnpy liquid v'as obtained. This 
was allowed to remain at ordinary temperature for three days, 
when long needles separated. There were separated by wash- 
ing with the least amount of petroleum and recrystallised from 
benzene (yield, 20%). 

It is very soluble in alcohol, benzene, chlorofoim. ether 
and acetic acid but less so in petroleum and water; m. p. 
65®. (Found:N, 12-1. CijIIjgOjNj requires N, 11*57 per cent.) 

DicAlardmercurimalmdiisoami/larntde — ^It was prepared 
from malonditsoamylamide. It is soluble in alcohol, benzene, 
chloroform and ether; m. p. 105°. (Found: Hg, 56'3; Cl, 9’85. 
Ci,H,,0,NjCljHgj requires Hg, 56*25; Cl, 9*98 per cent.) 

Dkhhr()m(frairhmlmdihf.ptyl(imide. — This was prepared 
like the other compounds and separated after two hours; 
m. p. 117®. (Found : Hg, 52.4; Cl, 9.50. C„H3,0,N,C],Hg, 
requires Hg, 52.15 ;C1,9.25 per cent.) 

Action of Alcoliolic Potassium Iodide on the Above — The dry 
sutotance (0‘1898 g.) was suspended in.'aloohol and an alcoholic 
solution of potassium iodide (2 g.) was added. Even after two 
days an amount of alkali equivalent to 1*5 c. c. of 0*098 
2ir*hydrochloric acid was liberated. It was then retinxed for 
six hours, when the total amount of alkali liberated was found 
to be equivalent to 5 0 . c. of 0*098JV-hydrochlorio acid. 

Gala Found. 

Equivalent of alkali . . 2 1'97 

Action of Hydrochloric Acid. — The substance ( 0*5 g. ) was 
suspended in water and 1 c.c. of concentrated hydrochloric 
acid was added. On heating for Ofteen minutes a white subs- 
tance was obtained which was crystallised from alcohol and 
found to be identical with malondiheptylsmide. 

The authors take this opportunity to record their gratitude 
to the Qovernment of His Highness the Qaekwar of Baroda for 
a grant which has defrayed the expenses incurred in this work. 
One of the authors ( C. C. 8. ) desires to express hi0*t(?atitudd” 
to His Highness the Maharaja of Rajpipla for a scholatehip, 
which enabled him to carry out this research. 
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( Reprinted from the Journal of the Indian Chemical Society 
Vol. VII. Issue No. 7 ) 

XXV. Mercnration of Compounds containing the Reactive 
Methylene (-CHt-) group by means of 
Mercuric Acetate. 

By : K. G. Naik and R. P. Patel. 

The mercnration of the snbstitnted amides of acetoaoetic 
acid and malonic acid was undertaken with a view to study 
the formation and the properties of the organo*meronry deri- 
vatives of compounds containing a reactive methylene group, 
and throw light, if possible, on the reactivity of the hydrogen 
atoms of a reactive methylene (-CH,<) group situated between 
two carbonyl groups. 

With this end in view, mercuric acetate was allowed to 
react in methyl alcohol with the following substances ; 

(1) Acetoacetanilide, (2) acetoacet-o-toluidide, (.3) acetoacet- 
m-to1uidide, (4) acetoacet-^toluidide, (e) acetoacet.(A.uaphthyl. 
amide, (6) acetoacet-j3-napbthylamide, (7) acetoaceUl : ii : 4- 
xylidide, (8) acetoacet-l : 4 ; d-xylidide, (9) ethyl acetoioetate, 
(10) acetoacet-«n-nitranilide, (11) ethyl malonate,.(18) malon- 
mono-pbenylamide, (13) malonmono-o-toluidide, (14) malon* 
mono-m-toluidide, (15) malonmono>p-tolnidide, (16) malon. 
mono-a-naphthylamide, (17) malonmono-B->naphthylamide, (18) 
malonmono-1 : 3 : 4~xylidide, (19) maloumono-l ; 4 : 5-xylidide 
and (20) malonamide. 

Of these (18) and (19) were prepared for the first time by 
the modification of Whiteley’s method ( J, Ohem. Hoc. 1903, 

83, 24 ). 

It haETDeen found that when mercuric acetate reacts with 
aromtkiio compounds, it introduces very easily the acetoxy- 
mercury (CH^COOHg — ) group in the nucleus. It was, theres 



fore, expeoted that in these reactions also, it would not only 
attaok the methylene group, bat also attack the aromatic part of 
these amides. Contrary to our expectations, it was found that 
mercaric acetate attacked the methylene group only, leaving 
the aromatic nuclens unaffected, even when mercaric acetate was 
employed in excess. 

Whereas, the amides ( 1—11 ) reacted with mercuric acetate 
in methyl alcohol giving diacetoxymercury derivatives of the 
formala (I); the amides (12 — 20) reacted under similar condi- 
tions, giving compounds of the general constitntion (II). 

OHjCOOHg COCH, CHjCOOHg CONH, 

>C< >0< 

CHjCOOHg CONHR HOHg CONHR 

(where R a is H, Phenyl, tolyl, or naphthyl etc. group). 

All the above compounds are decomposed by dilate 0‘251V- 
hydrochloric acid with the separation of the original amide. 
Hydrogen sulphide and ammoninm sulphide decompose them 
with the percipitation of black mercuric sulphide. Potassinm 
iodide decomposes the compounds with the liberation of alkali 
hydroxide. From these reactions, it appears that the linkage 
between the carbon atom of the reactive methylene group and 
mercury is a very weak one as is expected from componnds 
containing mercury attached to a carbon atom in a>position to a 
carbonyl group. 

The general constitutions given to the above mercury com- 
pounds have been assigned from the following considerations. 

(t) That the substituted group containing mercury has not 
replaced the hydrogen atom attached to a nitrogen atom of the 
'NHR group ( i. e„ it does not contain the N— Hg linkage ), be. 
cause, (a) malonic ester and acetoacetic ester which do not 
contain such a nitrogen atom do form similar compounds with 
mercuric acetate; (b) a compound containing N— Hg linkage 
behaves as a weak base, so much so, that its solntiwr°Baay" of 
easily titrated against standard acid, using methyl orange os the 
indicator (/f. Ley and Kissel, Ber^ 1899, 32. 1357), 
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(it) That the sabstitated grouping containing meronry has 
not replaced the aliphatic part of the molecnle, for, (a) malo* 
namide which does not contain snch an aliphatic group, forma 
a similar mercury compound; (i) meronry compounds of 
aliphatic amines are not easily decomposed by dilate hydrooh* 
lorio acid, potassium iodide, and hydrogen sulphide: whereas 
the compounds described here are easily decomposed by these 
reagents giving the original amide. 

(in') That the substituted grouping containing mercury 
has not replaced the hydrogen atom of the nucleus, because, (a) 
malonamide, ethyl malonate and ethyl aoetoacetate which do 
not contain such a nucleus, do form similar compounds; (b) 
from literature on mercury compounds, it appears that the 
meronry atom in the nucleus is not removed by dilate hydro* 
chloric acid, potassium iodide and hydrogen sulphide ( cf. 
Schrauth and Bauerschmidt, Ber„ 1914, 47, 2740), while the 
meronry in these compounds is easily removed. 

(tv) That the substituted grouping containing mercury 
is directly attached to the carbon atom of the methylene 
group, situated between two carbonyl groups, for. (a) the 
properties and the behaviour of compounds de8cril)ed here, are 
exactly similar to those having meronry attached tc a carbon 
atom in oc-position to a carbonyl group. It has been observed 
in case of mercurated 5. pyrazolone ( which contains four 
acetoxymeronry groups ) that the mercury in position>4 (i. e,, 
attached to a carbon atom in a position to a carbonyl group in 
position's) is easily removed by dilute hydrochloric acid and 
hydrogen sulphide, the other three acetoxymeronry groups, 
keeping firmly to their positions in the molecule ( Schrauth 
and Bauerschmidt, loc. cit.). (b) On bromination of aoetoxyhy- 
droxymerourimalonamide, dibromomalonamide is obtained. 

Meronry compounds of the type (I) react with 10 p. o. 
.snlphurio acid giving compounds of the folloi^ng constitution: 

Hg COCH, 

SO,< >C< 

Hg OONBB 
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They also react with an aqneons solution of potassium 
iodide with the separation of the original amide and the 
liberation of potassintn hydroxide. The potassium hydroxide, 
liberated was found to be 2*016 equivalents, which accord- 
ing to theory should be 2 equivalents.' These facts 
completely prove the constitution assigned to the compounds 
of the typo (I). 

Mercury compounds of the type (II), react with standard 
sodium hydroxide solution, giving a dihydroxymercury 
derivative.* The quantity of sodium hydroxide required to 
completely hydrolyse the acetoxymercury (-OHjCOOHg-) group 
was found to be 1*12 equivalents which according to theory 
should be 1 ec^nivalent. The constitution is further supported 
by the behaviour of tho compounds with sulphuric acid. They 
give rise to hydroxysulphatomercury derivatives of the 
following constitution. 

NH,CO Hg SO, Hg CONH, 

>C< >C< 

RNHCO HgOH HOUg CONHli 

When hydroxyacetoxymercori>o toluidide is, however, made 
to react wiih an aqueous solution of potassium iodide, 2*^77 
equivalents of potassium hydroxide are liberated, which 
aocordiug to the theory should be 6 equivalents. This lends a 
further strong support to the correctness of the constitution 
assigned. 

E X P E R 1 H B NT A L. 

IM(u:)’toxymt;rcU'rta<:et(Uu-etanili(le . — Mercuric acetate (3*6 g.) 
dissolved in methyl alcohol, was added to a methyl 
alcohol solution of acetoacetanilide (1 g.). The solution 
though clear at first became turbid on heating on a 
sand-bath for about 10 minutes. On cooling, a snow 
white crystalline product separated out. It was filtered and 
washed with water, alcohol and ether to remove the unreaoted 
constituents. The product was insoluble in inqsb^f 
ordinary organic solvents. It molts with decomposition^at 
204*. (Pound: N, 2*2.3; Hg, .57‘26. OuHuO.NHg, requires N. 
2*02; Hg, 57*72 percent.). 

21 
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The rest of the mercery derivatives have been similarly 
prepared by the interaction uf mercuric acetate with the 
respective amides in methyl alcohol. The results are given 
in Table I. 

Action qf dilute hydroelUai'ic acid.-JIhe above mercury 
compound decomposed by hot 025iV’-hydroohlorio acid with 
the Reparation of the original amide and mercuric chloride. 

Action qfpotaeeium iodide.-^The above compound (0*2627 
g.) suspended in water, was treated with a solution of 
potassium iodide (1 g.). Potassium hydroxide was at once 
liberated and titrated against 0‘0574JS^>bydrochlorie acid 
( of which 13*3 o. c. were required ), It was subsequently 
heated for about 1 hour, but no further liberation of potassium 
hydroxide was observed. 

Action qf hydrogen sulphide . — The above mercury compound 
(o*491 g.) was suspended in water and heated to boiling. A 
alow current of hydrogen sulphide gas was passed into the 
solution till the complete precipitation of mercuric sulphide. 
Precipitates were then filtered through a Gooch crucible and 
washed with water, pyridine, carbon disulphide and alcohol 
to remove the amide formed during the course of the reactions 
as well as the sulphur which might have precipitated together 
with mercuric sulphide. It was then dried at lOo^lO”, and 
weighed (<••.33 g.). Found: Hg, 57*9 C, 4 Hj 50 ,NHg, requires 
Hg, 57*72 per cent.). 

This indicated titot the splitting up of the carbon— mercury 
linkage by hydrogen sulphide was quantitative. 

Actum The substance decomposed on 

treatment with phenylhydrazine with the separation of grey 
m tallic merenry. 

Sulphatomeremi(u^oaeetanilide.--Tho above merenry com* 
pouud (2 g.) was heated with 10 p. c. sulphuric acid on sand- 
bath for alicnt ^ honr. It was then cooled, filtered and washed 
with Water alcohol and ether. The product was insoluble in 
most oTthe ordinary organic solvents. It turned brown at 240’ 
bnf did not melt till 300^ (Pound : Hg, 59*20 ; SO^, 14'55. 
CioH,0«NSHg, requires Hg, 59*61 ; SO 4 , 14*3 per cent.).^ 
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Compounda timilar to the above have been prepared by the 
aotion of aolphurio aoid on compotmda 1,2,3,9,12, and 20 
of Table L 

The reanlts are given in Table II. Compounds are number- 
ed as la, 2a, 3a, 9a, 12a, and 30a. 

Action of potassium iodide oti diacetoxymivuria&itoacet<’ 
/olt(u2rde.~-Diaoetoxymeroariaoetoacet-o-tolaidide ( ) g. ) was 
treated with potassinm iodide in water and heated to boiling. 
The liberated alkali was neutralised and the solution concentrat 
ed and cooked when crystalline needles of aootoacet-o-toluidide 
separ.atcd, m. p. 107°. 

Action of dilute sodium hydroxide on acetoxymereuri- 
malonmonophenylainide—’She mercory compound (0*5038 g.) 
was treated vvith 30 c. o. of O'OlSATwsodinm hydroxide solution 
imd refluxed for hour. It was cooled, Altered and washed 
with water. The filtrate was then acidified with 10 c. c. of 
0‘liV-oxalic acid to neutralise the unreaoted sodium hydroxide. 
The excess of oxalic aoid was titrated against 0*018 iV-sodinm 
hydroxide (33 c. c.). 

The insoluble product was found to be dibydroxymercuri- 
uialun-monopheuylamide. (Found Hg, 63*1. 0,H|,OfN,kigg 
requires Hg. 63*37 per cent.). 

Action of potassium iodide on Acetoxyhydrozymereurimedon- 
mono Q-toluidide. Acotoxyhydroxymercurimalonmono-o>tolui- 
dido (0 21‘<27 g.) was treated with potassium iodide (1 g.) in 
water and l)oiled for 4 hours. Tii'< liberated alkali was 
neutralised by 0*0574 iV-hydroohloric aoid (16*3 c. o;). 

Mcdmmono- 1:3; i-xylidide.—ThXs was prepared by the 
modification of Wbiteley’s method Qoc. eitX Kthyl malonato 
(30 g,) and 1:3: 4-xylidine (15 g ) were put in a flask, fitted 
with a cork through which passed a long bent tube and heated 
in paraffin-bath, at 120*23'’. To get (he maximum yield, the 
temperature was not allowed to go beyond 123°. After 8 
hours, the contents of the flask were transferred W1f|itaiB-' 
stoppered bottle and shaken for 4 hours with twice its volnfhe 
of ammonia (d 0.88), The semi*soIid mass was then allowed 



[ 164 ] 


to OTaporate and the residue ms pressed on a filter and finally 
trashed \rith ether to remove any of the nnreacted ester and 
amine. It tras then boiled with dilate alcohol (1:6) and 
filtered hot. The dixylidide and xylylamate remained on the 
filter undissolved. The filtrate on oooiinK separated malon- 
mono-1 : 3 : 4-xylidide. The product when crystallised from 
the same solvent melts at 166°. 

It ts very soluble in methyl alcohol, ethyl alcoholi acetic 
aoid, hot water, and sparingly soluble in cold water, hot 
benzene, but practically insoluble in petroleum. ^ (Found: N, 
13*57. requires N, 13*59 per cent.). 

MalonmonoA : 4 : H-xylidide — 1 : 4 : il-Xylidine ( 15 g. ), 
and ethyl malonate (30 g.) were heated similarly for hours 
at 120*25° as usual and subsequently treated as the preceding 
compound. It was crystallised from dilute alcohol (1:6), m. p, 
197°. Solubility is similar to that of the preceiling compound. 
(Fonnd: N, 13*57. requires. N, 13 59 per cent,). 

Action of bromine on acetoxyhydroxyurn'CHrimalunamide . — 
The mercury compound of malonamide was treated with an 
aqueous solution of bromine till no more bromine was absorbed. 
It was then heated to boiling when all the compound went in 
solution. The solution on cooling deposited a crystalline 
product which when filtered and washed with alcohol, melts 
at 293°. This was identical with the dibroinoinalonamide 
obtained by Freund {Bo", 1884, 17 , 782). 

( For Table I see pages 166-167 ) 
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TABL^3 

(A=Ace(oxybydrozj’iuercntimalono. 
Xo. Xainc. b'omala. 


1. 

D>anilide 


2. 

D*olo]nididu 


3. 

l>4M‘lolnidide 


4. 

D-i) tolnidide 



D'O-na phthy lamide 


6. 

D-j8- do 


7. 

D. 1 : .3 : 4-xylid<de 


f<. 

D-l : 4 ; .^-xylidide 


9. 

Ethyl-diaeetoxyinerciir}*-acotoacetate 


10. 

D m nitranilide 


11. 

Ethyldiaceloxymercnry-malouate 

CiiHjoO.Hg, 

12. 

A'luonophenylamide 

CnH,3NAHt's 

•13. 

A«mono*o-tolaidide 

C.^H^AN^Hg, 

14. 

A-mono-m-toluidide 

C,,H,AN,Hg, 

IS. 

A'mono-jvtolaidide 

CjgHi^OjNjHgg 

16. 

A-mono-a-naphthylamide 


17. 

A.mono«B*ii8pbthylamide 

CisHiANfHgg 

18. 

A*mono<l : 3-4*xylidido 


19. 

A-mono-l-4*5>xylidide 


20. 

A.amide 
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Dsdiaoetoxymerouriaoetoacet*) 


Colour changes. 

M. p. 

Analysis 
Foand, Calc. 

• ee 

204° (deoomp.) 

Hg, 57*26 
N, 2-23 

57-72 

202 

000 

184° 

Hg,56l2 
N, 2*07 

56*57 

1-98 

• •• 

194° (decomp.) 

Hg, 56*21 

56*57 

• to • 

]8l“.82“ 

Hg, 56-96 

56*57 

• on 

200° (decomp.) 

Hg, 53*6 

5383 

• 00 

197° 

Hg, 53-1 

.53*!:3 

000 

192° 

Hg, 55-01 

55*48 

• oo 

204° 

Hg, 55-00 

55*48 

• oo 

does not melt till 300° 

Hg,617 

61-.1 

Yellow and then 
reddish brown 
liqnid at 270’ 

decomp. above 200° 

Hg, 54-44 

34-2 

oeo 

tlocs not melt till .300° 
(decomp.) 

Hg, 58-6 

59*16 

Tams yellow 
above 260° 

„ decomp. 

till 300° 

Hg, 60*9 

61*i;5 


dccomposeaabovi.*270'’ Hit, i<9-9l CO'OO 
N, ADJ) 4.2 

Yellow above 96 > does not melt till bOO' H«. 59-68 60 06 
]5rown at 290'’ 

Keddish brown ... Ilg, 59-90 6C*CO 

above 280® 

... 278“ (decomp.) Hg, 56*54 56*2S 

... 275° (decomp ) Hg,57-4 56-98 

Yellow above 250’ 2«0' (decomp.) Hg, 58’35 38*82 

Yellow above 2b0 ... Hg, 59*04 58*82 

& Brown 4i 2<5-' 

... <1npi» not melt till bOO* Hg, 69*9 69-44 

GhBMUTRY DEPARTUfiNT, 

BaROOA l OLLEOE, BaRODA wr. --«4 

( Reprlated trum the Jouraal ef the lodiaa Chemical Society * 
^ Vol. VII. Issue No. 2 ) 
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XXII Mercury Acetamide as a Mercurating Agent. 

By K G. Naik and Ij. D. 8hah. 

TKe mercuratioD of organic compounds has been studied by 
a number of workers (Dimorth, Her., 1898, 31 , 2154; 1899, 32 , 
758; 1902; 35 , 20U; Schoeller and Scrauth, B&r., 1908, 41 , 
2\S9; 19. 9. 42 . 778; Hoffmann, Bcr., 1898, 31 , 1904; 19C0; 
33 182S; Petterson, J. 2)i‘, Glu-m., 1912, 86 , 458, etc. ). The 
mo«t coninionly employed reagents are mercuric oxide and the 
.'icetate but mercury acetamide has seldom been used for the 
purpose. The only isolated instance where merenr^ acetami,ie 
is used as a merenrating agent is its .action on methylmalo- 
nate (Scboleller and Scrauth Bi'r., 1909, 42 , 781). 

Froai the experiments recorded herein, it appears that 
mercury acetamid' can be omployod as fruitfully us the 
acetate for the preparation of orgauomeronry compounds 
Thus the substances enumerated below, rl? ; (1) cyanacet-meth j - 
lamide. (.') cyanacet-?tbylamide, (3) cyanacet propylamide, 
(41 cynacet-buty lamide, (5: oyanacet-mbutyIamide,(C) cyanacct- 
ainylaiuide, (7) oyanacet-wbexylamide, (8) cyauacet-beptyU 
ami<le, (9) ethyl cyanoacetate, (10) cyanoacetamide, (11) 
cyanoacetanilide, (12) oyanacet-;n-toluidide, (13) cyanacet-')* 
tolnidide, (1 1) cyanacet-;;'toluidide, (15) cyanacet-benzylamide 
(IG) cyanacet-oc-naphthylamlde, (17) cyanacet-jSnaphthylamide, 
(l><) cyanacet 1:3: l-xylidide, (19) cyanacet-1: 4 :5-xylidi(lo 
are all attacked by mercury acetamide, one of the hydrogens of 
the reactive methylene group being replaced by the hydroxy- 
mercnii ( — UgOH) group. 

The properties of the compounds indicate the presence of 
a very weak C-Hg bond such as is always found when 
the carbon involved is in the ooposition to a*CO- 
gronp. Thus they are readily decomposed by '.hot 0‘25x\'- 
hydrochloric acid. Hydrogen snlphide, ammonium sulphide 
or sodium sulphide causes the formation of black mercuric 

sofphide. Potassium iodide ruptures the C— Hg linkage 
wuu the consequent formation of alkali hydroxide. Pheny- 
Ihydrazino and hydrazine hydrate are found to liberate 
mstallic mercury. 



[ 169 ] 


The general oonstitntion assigned to the above compounds 
follows from the ooneiderations given below : — 

1. That the mercury atom has not replaced the hydrogen 
atom of the aromatic nolens because — 

(а) Cynacet'iuetkylamide which does not contain such a 
nucleus forms a similar hydroxymeroari*derivative. 

(б) A study of tho known mercury compounds shows that 
the nuclear mercury atom is not decomposed by dilute hydro* 
chloric aci<^(0’25iV‘.) (r/, Soranth and Baurschmidt, Ber„ 1911, 
47 , 2740), whereas hydroxymercurioyanaoetanilide is decom* 
posed by hot U*25iY-<hydrochlorio acid. 

2. That the mercury atom has not replaced the hydrogen 
attached to the nitrogen atom of the — NHK group, for — 

(a) Ethyl cyanoacetate, which dMS not contain such a 
hydrogen, forms a similar mono-mercnrated product with 
mercury acetamide. 

(b) The properties of the compounds suggest a carbon-mer- 
cury rather than a nitrogen-mercury linkage, because, whereas 
all the N — Hg compounds are decomposed by cold dilute acid 
( (f. Ley and Kissel, Ber., 1699, 32 , 1357 ) the compounds 
described herein are decomposed by hot dilute acids only. 

3. That the mercury atom has not entered the aliphatic 
part of the amido group, because — 

(a) Cyanoacetamide which does not contain such an 
aliphatic part forms a similar hydroxymercuri-compound. 

(4). That the mercury atom is directly attached to the 
carbon atom of the methylene group, for — 

(a) Hydroxymercuricyanacet benzylamide gives mono- 
bromooyanacet-benzylamide on treatment with bromine in 
aqueous suspension. 

(b) The properties and behaviour of the compounds 
obtained herein exactly correspond with those having niSreu^ 
in the oe.position to a keto or a phenyl group which rendbrs 
the oc;piercury atom unusually reactive. 

22 



Cyanoaoetamide reacts with mercury acetamide in aqaecns 
or alcoholic eolation diving hydroxymercaricyanoaoetamide, 
whicb is formulated as CN-CH(HgOH)*CO-NH,. This consti- 
totion has been assigned to the oompoand on the ground that 
on treatment with bromine in aqueous suspension it gives 
dibromooyanoacetamide which is identical with the cne 
obtained by Hesse (J. Amer.Ohem Hoc., 1896, 18 735) by the 
direct bromination .of oyanoacetamide. 

Petteraon ( J, pr. C/tem., 1912, »», 86, 45S ) obtained from 
mercuric acetate and ethyl cyanoacetate, hydroxynerc iricye- 
noacetio ester, CN‘CH(HgOH)‘COj Et. Probably an acetoxy- 
mercury derivative is first formed which subsequently under- 
goes hydrolysis under the experimental conditions. Mercury 
acetamide also reacts with ethyl cyanoacetate giving a quanti- 
tative yield of the bydroxymercuriderivative. In all proba- 
bility an acetamido-derivative is first formed which then undtr 
goes hydrolysis as represented below 
Hg(NHAc), 

CN*CHj-CO,Et -^CN-CH(Hg-NHAc*)Co,Et 

H,0 

->CN,CH(HgOH)-CO,Et. 

The formation of the same product from mercuric acetate 
and mercury acetamide naturally laisos the question as to the 
constitution of the latter. Ley and Kissel ( Ber , 1899, 32, 
1357 ) deduced from the low electrical conductivity of mer- 
cury acotamide that it contains an N — Hg bond. It is well- 
known that, in order that a mercuric salt may react with an 
aromatic organic compound it must be capable of kydiolytic 
dissociation. Hence it may be that dating the reaction bet- 
ween mercury acetamide and substituted cyanoacetamidea, the 
former may react in the tautomeric form (II) containing the 
0-^ Hg linkage. 

NH 
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The Ib Uo** forinii soiceptible to hydrolytic dissociation, 
since all merciuic salts of oxyacids are considerably hydrolysed 
in aqaeous solntion. 

E X P E R I M B M T A I* 

The hydfoxymercnri-derivatives of the substituted cyanoa* 
cetamides were prepared by the action of mercury acetamide 
ou the cyanoacetamides in equimolecular proportion in pre- 
sence of alcohol. 

Hydroxymercuricyanacdmthylamid^. — Cyanaoetmethyla- 
mide (2 g*) dissolved in alcohol, was heated to boiling and a 
hot solntion of mercury acetamide ( 6*5 g, ) in alcohol was 
added. A snow white flocculent precipitate immediately 
appeared which settled down in the course of about twelve 
hours. The precipitate was washed with alcohol and then with 
distilled water several times in order to remove ahy unchanged 
reactants. The product is insoluble in most organic solvents. 
It begins to turn brown at 287® but does not melt till 300®, 
(Found; Hg, 63*98 ; N, 8*74. requires Hg, 

63*69 ; N, 8*90 per cent. ). 

Action (/ Potassium Iodide,— Q’i27 6. of the above com- 
pound was suspended in water and about one g. of potassium 
iodide was added. The mixture was refluxed on a sand-bath 
for four hours and the liberated alkali was titrated against 
0 * 0174 A'-hydrochloric acid of which 44*7 c. c. wore required. 
This shows the presence of 1*923 equivalents of alkali indi- 
cating that the splitting of the C— Hg linkage is almost 
quantitative. 

Action (\f Hydrochloric Act’d.— The above mercury com- 
pound is slowly decomposed by 0'25iV-hydrochlorio acid (hot) 
giving the original amide and mercuric chloride. 

Action qf Phenylhydrasine.—AIiorik 1 g. of the mercury 
compound was treated with 2 c. c. of phenylhydrasine. ^ 
vigorous reaction ensued in the cold and effetvescence^e to 
liberated nitrogen was observed. A grey precipitate of nibta- 
llio ijercury was formed which quickly collected and settled at 
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the bottom of the flask. The mixture was then dilated with 
water and filtered. The solution on concentration and ooo)» 
ing deposited shining needles of pure cyanacctmethylamide. 
m. p. 101®. 

Hydroxymrcuriciianac^thylamide.--ThS» was prepared 
from 1 g. of cyanacetethylamide and 2*9 g. of mercury aceta* 
mido. It does not melt till 300® but turns brown above 2*5®, 
( Found : Hg, 60-70 ; N, 8*76. C.n^OjNjHg requires Hg, 
60*98 ; N, 8*54 per cent. ). 

Hydroxymereuruyatmcet-n^propylatnide was'* prepared 
from equimolecnlar quantities of ryanacet n.propylamide and 
mercury acetamide in presence of alcohol. It begins to turn 
brown above 265® and melts with decomposition at 28(®. 
( Found ; Hg, 58*24; N, 8*42* CeH„O.NjHg requires Hg, 
58*48 ; N, 8*19 per cent. ). 

Preparation <tf cuatiacet-n~liitylamide.~'ln the preparation of 
the alkyl amides of cyanacetic ester the method of Bakes, West 
and Whitely (J. Chem, Hoc., 1921, 1 19. 367) was employed. Ethyl 
cyanoacetate (lO g.) and n*batylamine (6*5 g.) were mixed up 
in a sealed tube which was kept for twenty-four hours and 
then heated at 125° for six hours. After cooling the red 
crystalline mass was washed with petroleum and crystallised 
from benzene — petroleum mixture when it separated in the 
form of white slender needles, m. p. 73°, It is very soluble in 
alcohol, chloroform, benzene, and toluene but sparingly in 
petroleum. (Found: N, 20*00 per cent.) 

Hydroxymercuricyanaret-n-butylamide. — Prepared from 
cyanacet-n-bntylamide and mercury acetamide in the usual 
manner, it di 1 not undergo any change till 300°. Found: Hg, 
55*88; N, 8*12. C,H„OjN,Hg requires Hg, 56*18; N, 7*87 
per cent.). 

Preparation of Cyanacetiaobutylamidi. — Ethyl cyanoacetate 
* ^ IG p^and laobntylamine (6*5 g.) -were condensed in the usual 
way. The mixture on strong cooling solidified. It was 
pui-ifieJ by crystallisation from hot water (cbarccal). It is 
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very soluble in all the organic solvents, and melts at 45”. 
(Found: N, 20’06‘ C,Hi.ONj requires N, 80*00 per cent.). 

Hydroxymerntricynnncelinobntylumifle turns brown above 
280® but does not melt till .300®. (Found: Hg, 56*43; N, 7*72* 
C^HjjOjNjHg requires Hg. 50*18; N, 7*87 per cent.). 

Preparation of Cyanacet—n-^umylamuk. — Ethyl cyanoa- 
estate and n-amylamine were condensed in the usual manner. 
The prodiict was crystallised from benzene-petroleum mixture 
after purifying it with bone cbarc.jal. It formed feathery 
needles, mrp. ■j 7". (Found: N, 18*00. CgHi^ON. requires N, 
18*18 per cent ). 

Hydroxymsfrcuricyanacet-xi-anujUmide melts with decompo* 
sition at 285°. (Found: Hg, 54*40; N, 7 43. CjH^OjNjHg 
requires Hg, 54*06: N. 7*57 per cent.). 

Preparation of Cyiimcethofusxylamide, — Ethyl cyanoacetate 
(lOg ) and isohexylamine (0 g,) were condensed in the usual 
manner. The product is very soluble in alcohol, benzene, etc. 
It was crystallised from water as slender, colourle^ needles, 
m, p. 42®. ( Found: N, 16*02. C,n„ON, requires N, 16*66 
per cent.). 

nydroxymcreuricyanmdi^ohexylamide melts with deco- 
mposition at 273®. (Found: Hg, 51*06; N, 7-08. C.HisO.NiHg 
requires Hg. 5300; N, 7*20 per cent.) 

Preparation of cyanacet^n-heptylamide. — ^This was prepared 
from ethyl cyanoacetate (10 g.) and n-hnptylamine (10 g,) in 
the usual manner. It is very soluble in alcohol, acetone, ethyl 
acetate, and benzene and sparingly in ether and petroleuip. 
It separates from benzene-petroleum mixture in the fo,q)t,r^ 
fine, colourless needles melting at 67®. (Found: N, 
CjgHjgON, requires N, 15 38 per cent.). 

Hydroxy me I'curicyanacet-n-luptylamide was prepared as 
usual fro-u oyanaoet-n«heptyla uide and mercury aoeteztfidew 
It turns brown at 270” and melts at 284”. (Found; Hg, 49*jjl; 
N 6*99. C„H„OjN,Hg requires Hf, 50*25; N, 7*04 per cent,). 



Ethyl HydroxymercurkyanottceUtUr--Ei)xf[ oyanoaoetate 
. 'was treated with the caloalated qaantity of mercury acetamide 
in alcoholic aolntion. The product is insoluble in most of 
the ordinary organic soivents and does not suffer any 
change till 330* . (Fonnd: Hg, 61-o8; N, 4*37. OsH,Oj,NHg 
requires Hg, 60*79; N, 4'25 per cent,). 

Action of potassium Iodide . — 01484 6, of ethyl hydroxy- 
mercnri-cyanoacetate was suspended in water and about 1 g. of 
potassium iodide was added. The mixture was refluxed for 
four honrs and the liberated alkali was titrated against 0*0174.^- 
hydrochloric acid ( 50*9 c. c.). This shows the presence of 
1*96 equivalents of alkali, indicating the complete rnpinre of 
the C— Hg linkage. 

Hydrotymercuricyanoacdamide was prepared from eqnimo* 
lecnlar quantities of cyanoacetamide and mercury acetamide in 
aqueous solution. It does not u.elt till 3J0*. (Fonnd: Hg, 
66*24 ; N, 9*70, CsH^OjNjHg requires Hg, 66*66; N, 9*33 
per cent,). 

Action of HromtW,— Aqueous bromine 'was slowly added 
to a suspension of the above compound in water, tiii it was no 
longer absorbed. The flask was finally heated on a water-bath 
for about half an hour. The Solution was evaporated to 
■ dryness and the residue was extracted with benaene. On 
cooling the benzene extract, small needles separated out wbicb, 
on recrystallisation from alcohol melted at 126*. It is identical 
-with dibromocyanoacetamide. 

The mercury derivatives of the substituted cyanoacetamides 
containing aromatic nuclei were similarly prepared by mixing 
equimolecular quantities of the -amides and mercury acetamide 
in hot alcoholic solution. 

Hydroxymercurieyanacetanilide does not undergo any 
change till 300*. (Found: Hg, 53*48*, N, 7*22 0,H,0,N,Hg 
^ requires Hg, 53*19; N, 7*45 per cent,). 

* Action of Hydrochloric above compound was 

treated udth 25 o. c. of 0’25iV’'hydrochlorio acid. On ^heating, 
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a clear solation was obtained wh'ch on cooling - deposited 
anukll needles which were collected and on parUioation proved 
to be cyanacetanilide, m. p. 199”. 

Hydroxytrm'curicyanacet-m-toluidide does not undergo any 
change till 300®. ( Found : Hg, 51-70; N. 7*23. U4»Hi,0,N,Hg 
requires Hg, 51*^3; N, 7*18 per cent l. 

Hydroxymercuricyanacet~ 0 ‘toluidide does not melt below 
HOl®. (Found : Hg, 50*94. CjjHjjOjNjHg requires Hg, 51*28 
per cent.). 

Hydroxynw'curicyanaceUv-toluidide does not melt till 300®. 
(Found : Hg, 50*90. CjjHjjOjN.Hg requires Hg, 51-28 per 
cent.). 

Hydroxymercuricyanacdbemylamide melts with decompO' 
sition at 293®. (Found : Hg, 55*98. Cj()Hj,0,NjHg requires 
Hg, 51*28 percent.). 

Action Bromitie , — The above compound was treated with 
bromine till it was no longer absorbed. The flask was heated 
on a water*ljath for about 15 mins, when a clear solution was 
obtained. On ooling, the solution deposited light, white tufts, 
which after recrystallisation from benzene melted at 92®. 
(Found ; Br, 31*44* CjoHuON.Br requires Br, 31*62 per cent.). 

Eeduetion qf tlv> bromo-denvative.-‘0’lSS G. of the substance 
liberated iodine equivalen to 54*6 o c. of 0*02N'8odium thicsnlr 
phate. (Found ; Br, 31*65. Calc. Br (labile), 31*62 per cent). 

Hydrorymercuncyancet-oc-naphthylamide turns grey at 253® 
and melts with decomposition at 272®. ( Found : Hg, 47*23. 
CijHijOgNiHg requires Hg, 46*95 per cent.), 

Hydroxymercuricyamtcet-p-napMhyktinide m&lta with de> 
composition at 283®. ( Found : Hg, 46-71. Ci,Hj,0,N,Hg 

requires Hg, 46 95 per cent). 

Hydroxymercuricyanacet’l : 3 ; i-xylidide does not melt till 
300®, (Found : Hg, 5000. 0„Hj,0,N,Hg requires Hg, 49*51 
per cent.), 

Hydroxymercuricyanacet 1:4: 5~xyUdide does not undergo' 
any change till 30t®. ( Found : Hg, 49-87. CjjHj,OjNjHg 

requires Hg, 49*51 per cent,). 
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XXllI The Formation the Sodium Derivatives of 
Compounds Containing a Reactive Methylene Group. 

e:.i 

By K. G, Naik akd L. D. Shah. 

It is well-known that the hydrogen atoms in groupings 
such as - CO - CHj- CO - s C - OH,- Cs 

-CO-NH- CO- H-Cs HO-C = 
are replaceable by sodium, and that the property depends npon 
the accumulation of residual afBnity in the immediate neigh- 
bourhood of the replaceable hydrogen. Bland aud Tbropo 
( J, Chem. Soc.^ 1912, 101 . 874 ) have advocated that the stabi- 
lity «if the sodium compounds of tbe various glutaconic eaters 
must be dependent npon the acid character of the displaced 
hydrogen, the acidity being determined by tbe nature of tbe 
groups attached to the carbon atom which carries the hydrogen 
atom and they further hold that in those cases in which one 
carbetboxy group is attached to the carbon atom, the sodium 
compound is completely dissociated by water. It is also known 
that ethyl cyanoacetate and cyanoaoetamide give mono-sodium 
derivatives (Henry, Gomp. rend., 1887, 104 , 1619; Hesse, 
Amer. Chem. J., 1896, 18 , 724). The present work was there- 
fore undertaken to study the relationship which may exist 
between the acid character of the hydrogen atom of a reactive 
methylene group and the formation of its sodium derivative by 
the replacement of such a hydrogen. The following substances 
were examined : 

Gyanacet-m-toluidide, (2) cyanacet-o-toluidide, (3) eja- 
nScet-^-tolnidide, (4) cyanacetbenzylamide, (5) oyanacet*oc- 
naphthylamide, (6) cyanacet-j3-naphtbylamide, (7) cyanacet- 
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metbylamide. (8) cyanaeetbntylamide and (9) cyanacethe- 
ptylamide. 

All the Bnbstances ennmerated above react with metallic 
Eodinm in preaence of dry benzene or anhydrona ether, yield- 
ing prodncta having the general formnla, CN*CHNa*COR 
(R=OEt. NH,.NHMe,etc.). 

The above general constitution has been assigned to the 
compounds from the following considerations : 

(1) That the sodium atom has not replaced the hydrogen 
atom of thennclens, for, cyanacetmetbylamide which does not 
contain anch a nucleus forms a tfimilar mono-sodium derivative, 

(2) That the sodinm atom has not entered the aliphatic 
part of the amido gronp, for, oyanoacetamide which dees not 
contain such an aliphatic part, forms a similar mono-snbstitn* 
tion product with metallio sodinm (Hesse, loc, dt). 

(3) That tiie sodinm atom has not replaced the hydrogen 
attached to the nitogen atom of the — NH*R group for, 

(a) Ethyl cyanoaoetate, which, does not contain such a 
hydrogen forms a similar mono-snbsiitnted product with meta- 
llic sodinm (Henry, loc. dl). 

Sidgwiok and Baewer (J. OAm. Soc., i925, 127, 2379) 
have shown that the alkaline derivatives of jg-diketoues, jg- 
ketonic esters, o>hydroxy aromatic esters and aldehydes and 
o>nitrophenol8 behave in one of the three ways as exemplified 
below ; 

(I) The sodinm derivative of ethyl malonate is insoluble 
in benzene and chars without melting : it behaves as a salt. 

(II) The sodinm derivative of ethyl methylmalonate 
dissolves in benzene to form a clear solution from which the 
compound does not separate immediately even on concentra- 
tion; but once it has separated, it is quite insoluble in ben- 
zene or toluene. 

(III) The sodium derivative of ethyl acetoacetate is solu- 
ble in hot toluene and melts to a dear liquid at 108* 

The compounds obtained during the present course of t&e 
work must be classed as salts of type I given above, since they 

*3* 



aro insolnble in benzene and tolnene and do not give definite 
melting points. 

Daring the eonrse of their investigations on the factors 
governing the reactivity of the nydrogen atoms of a reactive 
methylene group sitnated between two negative gronps as in 
the case of compounds containing the groupings. 

-COCHjCO- and CN-CH,-CO-, 
it has been observed by Naik and his collaboratqrs ( J, Vhem. 

1921, 119. d7d ; 192.% 121f 2592, etc. ) that the reao.ivity 
increases in direct proportion to the increaae in thea egativity 
of the carbonyl group with its attached groupings ; so that in 
a series like — 

(1) CH,(CO*NH,)j (2) NH,*CO-CH,-CO-NHK 
(3) CHj(CO‘NHU), (4) EtO COCHjUO-NHK 
(5) CNCHjCOjEt (C) CH,(C ,Etj, 
the reactivity increases from (1) to (ti). 

The experimenta described herein afford clear evidence 
that the interaction of mejallic sodium with compounds contai> 
ntng the methylene ra tide, depends on the electronegative 
character of the attached groups. Thus, ethyl cyanoacetato 
reacts with metallic sodium with the greatest rapidity fotmlug 
the monosubstitutioii product even in the cold, while cyanacet* 
m*tclaidide required about six hours’ heating in benzene solu- 
tion. In the case of cyanacet- oe-uaphihylamide the reaction 
is found t j bo still slower. 

EXI'BBIHBNT AL 

Sodiocyanacet-m.4olmdide, — ^To a flask containing molecular 
sodium ( 0'3 g. ) ( prepared by heating under boiling toluene 
in the usual way ) about 3i) c. c. of anhydrous benzene were 
added, followed by cyanacet-m-toluidide ( ^ g. ). The flask 
was heated under-reflux when the amide went into solution. 
After about half an hour, a white gelatinous mass began to 
separate. The heating was continued for six hours and the 

•-I- I » 

mixture filtered hot. The solid obtained was washed with hot 
bei^ene several times and then with light petroleum ( b. p, 50- 
tio° ). It was then dried in a desiccator over sulphuric acid. 



The product was a white amorphous mass insoluble in most 
of the ordinary organic solvents such as benaenCj ether and 
petroleum. It charred at 23')° but did not melt even up to 
30G*. Even when preserved in a sealed tube, the product kir> 
nod pink, (Found; Na, 11*^8; N, 13*89. C,,H,ONjNa 
requires Na, 11*73 s N, 14*28 per cent. ). 

Adion of Hydrochloric About 0 5 g. of the above subs- 

tance was treated with 5 o. c. of concentrated hydrochloric acid. 
Toe sutotaoce underwent decomposition which was evident 
from the profound frothing that took place. Water was then 
added to the mixture and the solid was washed several time^ 
with cold water. It was then crystallised from benzene and 
identified as pure cyanacet-m-toluidide, m. p. 132«. 

Action (f Water,— 6, of the above substance suspen- 
ded in water was heated for about half an hour. The libera- 
ted alkali was titrated against ( *051 AT-hydrochloric acid of 
which 15*6 c. c. were required. This showed the presence of 
1*02 equivalents of alkali indi<»ting that the decomposition 
was quantitative, 

Sodiocyanacet-o toluididf, was prepared as in the above 
case. It has no definite melting point but turned deep red 
above 190 * and blackened at 220 without melting. (Pound; 
Na, 11*94 ; N, 14*45. C„H,ON,Na requires Na, 11'73 ; N, 
14*28 per cent. ). 

Sodiocyancet-p-toluidide.— The reaction was found to be much 
slower in this case and took nearly twelve hours for comple- 
tion, The compound turned deep red above 245® and then 
blackened without melting to a clear liquid. ( Pound : Na, 
11*58. C„H,ONjNa requires Na, 11*73 per cent.). 

Sodiocyanacetbemylamide was prepared from cyanacetben- 
sylamide ( 2 g. ) and metallic sodium. It chwged its colour 
from white to pink. It was insoluble in benzene and toluene 
and blackened at 205® without melting. ( Found ; Na, 12-05. 
CjoH, ON, Na requires Na, 11*73. per cent. ). *>.• 

Sodioeyanacet-oc-tmldhylamide was prepared from cyanacet- 
oc-naphtbylamide ( 2 g. ) and metallic sodium ( 0’3 g ) in pro- 
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senoe of anhydrous benzene. The heating had to bo oontinned 
lot twelve hoars. The compound tamed deep red above 170*^ 
and at high temperatnres fused to a dark mass without melting 
( Found : Na, 9*88. CjjHgONjNa requires Na, 9*91 per cent.). 

iSodiocyanacet-^-naphthyhmide was prepared as in the 
above case from cyanacet-j8 naphthylamide and metallic sodium. 
It tamed brown above 205* but did not melt even up to 
300». ( Found :Na, 9*78. C„H,ONgNa, requires Na. 9*91 

per cent. }. 

(I 

Sodiocyanacetmethyla7nide,^ln the case of the alkyl amides 
of cyanoacetic acid, ether was used as the solvent. 

Cyanacetmethylamide ( 2 g. ) was put in a flask and cove- 
red with about 25 c. c. of dry ether distilled over sodium. 
Finely divided sodinm (0*4 g. ) which had been purified by 
boiling under toluene, v'as then added. A calcium chloride 
tube was attached to the flask. At the end of two days the 
precipitated solid was taken out and extracted with small por^ 
tions of hot benzene and finally washed with light petroleum. 
On drying in a desiccator over sulphuric acid, the product 
assumed a pink colour. It turned deep red above 19C* and 
melted with decomposition at 225*. ( Found : Na, 19'42. 
CgHjONgNa requires Na, 19’17 per cent. ). 

SwliocyamwethutyJamide was prepared as in the preceding 
case. The reaction was found to be much rapid in this case. 
The product melted with decomposition at 21)0”. ( Found : Na, 
14*03; N, 17-37. C,H„ON 5 Na requires Na, 14*20; N, 17*28 
per cent.) 

Sttdlocyammttieptylamide.-^Thin was prepared as in the 
preceding cases by the action of metallic sodium on oyanace* 
theptylamide in presence of anhydrous eth^r. A red solid 
was obtained which was repeatedly extracted withhot benzene 
and finally washed with light petroleum. It melted with 
decomposition at 195*. (Found: Na, 11*9. C„H,^ONgNa 
rfquires Na, 11*27 per cent.). 

The authors desire to express their gratitude lo His 



Highness the Maharaja Gaehwar’s Oovernment for a grant by 
which the expenses incnrred in this research were met. 

Gbemistry Department, 

Baroda Colleoe, Baroda. 

( Reprieted from the Jcamal of the Indian Chemical Society 
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XXIV Interaction of Sulphuryl Chloride with Sabatancea 

Contuning the Reactive Methylene Group. Part II. 

By K. G. Naik and N. T. Talati. 

The present communication is a continuation of the work 
done by Naik and Shah ( J. Indian Chem. Soc., 1927, 4 , 11). 

The main results of the interaction of snlphnryl chloride 
with various amides and substituted amides of malonio and 
methyl malonio acids, obtained herein, can be summarised 
as under: — 

I. («) Conversion of the group :CH,into cCClj or (6) of the 
group :GHMo into :CClMe by complete replacement i £ the 
methylene hydrogen atom (r atoms by chlorine without 
chlorit'.ation of the nucleus: — Malon di-m* nitranilide, maloiw 
di>p-nitranilide, malon>di>o-nitranili(le, malon-diethylamide, 
tnalon-dwsobutylamide, malon diheptylamide, malon-di 1 :4 :5 
xylidide, and malonamide undergo this change under (a) 
whereas methylmalon->dietbylamide, methyL.-malon.di-iso' 
butylamide, and metfaylmahn-dibenzylamide undergo this 
change under (b). 

Further it was found that the same type of reactivity 
persisted oven among the aliphatic amides of the methyl- 
malonic acid. It may be noted here that in these compounds, 
one of the hydrogen atoms of the methylene group is replaced 
by the methyl group. Thus mctbylmalon-diethylamide, on 
interaction with sulphuryl chloride, yields a moiioohloro- 
deiivative: — 

(EtNH’CO),CH*Me-|-SO,Cl,a(EiNH-CO),C01-Me+HCl+SO, 

II. Conversion of the group :CH,into :CHC1 without chlorina- 
tion of the nucleus {-Mnlon-tctraphenylamide undergoes this 
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I. Malon-diwn-Qltranilide reacts with 8TiIphary;l 
chloride as under : — 

(N0j-C,H*-NH'C0).CI4+2S05CIe=N05CeIVNH-C0),.CCIj 

+2HC1+2SO,. 

The fact that the sabstanoe produced from maIon>di-m-nitrani- 
lide has this constitution, is based on arguments similar to 
those advanced by Naik and Shah {1(k. cit,). 

It may, howcTer, be pointed out that malontetrapbenyl- 
amide, where there is no hydrogen atom attached to the 
nitrogen, yields a monochloro-^derivative. These go to prove 
that snlphuryl chloride reacts at the methylene group. 

Type II. The interaction of malontettaphenylamide with 
snlphuryl chloride as stated above follows a different course, 
yielding, a monochlorc-componnU;- 

[ PbsNCO ].CH.+SOjClg=[Ph.N'CO]jeiICl+HCl+SOs. 

In this case, inspite of the two hydrogen atoms of the 
methylene group being available, only one is attacked. This 
course of the reaction is not an abnormal one, as is evident 
from tho work of Naik (J. Chem. Soc., 11*21, 119 , 38'), Naik 
and Shah (Joe. cit.) and West (J. Chem Soc., 121 , 2l96j. 

The experiments described here afford clear evidence, 
with regard to the reactivity towards snlphuryl chloride of 
compounds containing the reactive methylene group, that it 
depends on the electronegative character of the adjoining 
groups. For example, snlphuryl chloride reacts more vigoro- 
usly with malon-dinitranilide than with malonamlde, while 
the reaction with ethyl malonate is the most vigorous, taking 
place at the ordinary temperature. So in a series like:- 

(I) CH,(C3*NHs), 

(II) CH,(CO-NH*e,H, NO,), 

(III) CH,(CO,Et)j 

the reactivity which is less pronounced in (I) becomes more 
and more manifest with increasing negativecharacter of the 
adjj^ing groups, 

EXPBB1MBNT4L. 

* Preparation qf Malon-di-m- and These 
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amides were prepared by condensinj; ethyl malonate and the 
corresponding nitranilino in equimolecalar proportions, on 
the basis of the preparation' of lualonamide by Whiteley 
(J, Ohem, Soc,, 1903, 83 , 3d). The solid obtained was extracted 
with alcohol, and finally crystallised from acetic acid in 
granulated mass. The »i-cotupoaad Lad m. p. 196*, wherebS 
the p-oompoand - a faintly yellowish crystalline one - had 
m. p. 243*. 

Preparation of Malon-di- : •nitraniUde.— The reaction with 
ethyl malonate and o-nitraniline did not go even at 200** 
Hence the amide was prepared from malonic acid and omitrani- 
line using phosphorus oxychloride as a condensing agent as 
used by Backes, West and Whiteley ( J. Chem. Soe. 1921, 119 , 
371) . The amide was extracted with bonstene in which it is 
solnble. It was crystallised from alcohol as yellowish, glisten* 
ing, feathery needles, m. p. 182*. All the three malon-nitrani* 
lides were solnble in alcohol, acetic acid, benzene and toluene; 
sparingly so in carbon tetrachloride, chloroform, nitrobenzene, 
ethyl acetate but insoluble in ether, carbon disulphide and 
light petroleum. [Found; N, 10*41 {ortlw), 10*4S {meta\ 
16*13 {para\ CjjHioN^Oj requires N, 16*28 per cent.]. 

Diehloromalon-di-nitrnnUide^ — Malon-di>m*nitfanilide (Ig.) 
and snlphuryl chloride (1 g.) were made to react by the method 
followed in the preparation of diohloromalon diphenylamide 
(Xaik and Shah. loc. dt). The product obtained was erystallis* 
ed from alcohol in grey leaflets, m. p. 166*. 

It is fairly solnble in alcohol, acetic acid, benzene, and 
toluene; fairly so in nitrobenzene, carbon tetrachloride and 
« tliyl acetate, but almost insolubio in ether, carbon disulpbide 
surd light petroleum. ( Found ; Cl, 17*31, CjjHijOjN^CI, 
requires Cl, 7*19 per cent.). 

DiclUoromalon-di-p-nitranilide. — The above compound was 
obtained as yellow crystalline mass when malon-di*p nitranilide 
<1 g.) was treated with snlphuryl chloride (1 g.) in tha presence 
«f 50 0 . 0 . of benzene in the usual way. It was crystallised 
from aloOhol in yellowish needles, m. p. 178*. It behaves in 
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almost the same aray with different organic eokents, as the 
previous one does. (Found : Cl, 17*35, OuHjjOgN^Cl, requires 
Cl, 17*19 per cent.). 

Dichlo)'omalon-di~oMitraniluh-lt was prepared from malon 
di*o-nitranilide (I g.) and snlphuryl chloride (1 g.) in the pre- 
sence of dry benzene ia the usual way. The solid product was 
crystallised from alcohol in yellowish priems, m. p. 152<*. 'Ihe 
solubility of this compound is of the same order as that of the 
previous ones. ( Found : Cl, 17*61. CijH^oO^N^Clg requires 
01, 17*19 per cent.). 

Dichlorontalm-diethylannde.—OQ treating malon-diethyla- 
mide (1 g.) with snlphuryl chloride (1 g.) in the usual way, 
white mass was deposited on standing. The resulting product 
was crystallised from alcohol in the form of white needles, 
m. p. 131**. The product has a solubility of the same order as 
That of the compound above described. (Found : Cl, 31*30. 
C,H„0,N,C1, requires Cl, 3C*28 per cent.). 

Dicldoromalon^i-iaobutylamide. — ^This compound was pre- 
pare! from malon -di-tsobutylamide (1 g.) and snlphuryl chloride 
(1 4 g.) in the same way as the preceding chloride. After the 
reaction was over, the product crystallised from water in the 
form of white needles, m.p. 84*. It is soluble in almost all 
organic solvents except light petroleum. ( Found : Cl, 35*19, 
C„H,oC,N,Clg requires Cl, 25*; 9 per cent,). 

DicMorotnalon-diJu^tylaniide, — Malon-diheptylamide (1 g.) 
and snlphuryl chloride (1 g.) weru made to react in the usual 
way described. The mass on crystallisation from benzene gave 
colourless prismatic needles, m. p. 91*. It is found to be iden- 
tical with the dichloromalon-diheptylamide prepared by Naik 
and Trivedi ( J, Indian Chem. Soc„ 1930, 7i 246 ) by conden- 
sation of the amide with selenium tetrachloride. 

DicJdoromalon-di(l : 4 : 5) xylidide, — The above compound 
was obtained as a colourless crystalline mass, when molon-di- 
(b:4:5) xylidide (2 g.) and* sulphury) chloride (2 g.) were 
treated in the usual wSy. It was crystallised from alcohol in 
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colonrlesa needles, m.p. ITO**. It is foond to be identical with 
dichloromalon-di-( 1:4:5) xylidide prepared by Naik and 
Trlvedi ( he. cit . ) 

DuMoromalonamide.'—iii under the above eondiiions the 
malonamide was inactive, it was directly treated with snlphuryl 
chloride. The reaction started slowly on heating, with an 
evolution of sulphur dioxide and hydrogen chloride. When 
the reaction slackened after three hours, the liquid was diluted 
with acetic acid and filtered hot. The filtrate on standing 
gave colourless, shining needles. They were washed with dry 
petroleum and crystallised from glacial acetic acid, m, p, 203' 
It is tound to be identical with dichloromalonamide prepared 
by Zincke and Kegel 1890, 23, <145). 

MoriMhhrotmhn-tetraphenylamide.-MAloxiletmphmylamide 
(1 g.) and snlphuryl chloride ( 0*5 g ) were made to react 
as usual. The filtrate on leaving overnight deposited 
coloniiess crystals, which were recrystallised from benzene, 
m. p. 204', It is found to be identical with moncohloromalon- 
tetraphenylamide prepared by West ( J. Ctmi. Soc. 1922, 121, 
2200) by direct chlorination of the amide. 

Preparation of Methylmalon-diethylamule, — The amide was 
prepared from methylmalonic ester and ethylamine by the 
method of Backes, West and Whiteley {he, cit,, p. 366) adopted 
for the preparation of n>alon*diethylamide. The mass was 
crystallised from benzene in colourless needles, m, p, 151'. 

It is fairly soluble in almost all organic solvents and 
also in water, but insoluble in light petroleum. ( Found : N . 
16 53. OgHijOjNj requires N, 16-28 per cent.). 

Monochloromethylmahn^iethul'mide.—Thia compound 
was prepared by treating methylmalon-diethylamide (Ig.) 
with snlphuryl chloride ( L g . ) in the usual way. Colourless 
needles were obtained on standing for a day. It was crystallised 
from alcohol, m. p. 108'. Its solubility in different organic sol- 
vents closely resembles that of dichloromalon-dicthylamide. 
•( Found: 01, 17*61. CgHjjOjNgCl requires Cl, 17*15 per cent.) 

34 



• Pt'eparation of inethylmalon^i'iso'mtylamide. — This 
amide is prepared from methylmstonlo ester (10 g.) and 
fsobntylamine (9g,) by the method adapted by Baokes, West and 
Whiteley (loc. cit.) for the preparation of malon n'propylamide. 
The mass was removed from the tnbe by dissolving in benz'ne. 
This solntion on concentration gave white mass, which when 
crystallised from alcohol gave colonrless needles, m. p. 133**. Its 
solubility is of the same order as that of the preceding com- 
pound. (Found : N, 12 64. requires N, 12'28 per 

cent.). 

Monoehloromethylmalon-di-iaolutylamide. — Methylmalon- 
di-7Sobutylamide (1 g.) and sniphnryl chloride (1 g.) were made 
to react in the usual way. The liquid on standing overnight 
gave white mass, which when crystallised from alcohol yielded 
colourless needles, m. p. 102*’. It closely resembles tbo prece- 
ding compound, in its solubility. (Found : Cl| 13‘79. 

N,0,C1 requires Cl, 13-52 per cent.). 

Monochloromethylin f ton-dibemylamide— This compound 
was prepared from methylmalondibenzylamide ( 2 g.) and sul- 
phnryl chloride ( i g.). in the usual way. The product, when 
crystallised from benzene., gave shining pearly plates, m. p, 159**. 
It is soluble in chloroform and other organic solvents, like the 
above enumerated compound but is insoluble in light petroleum 
ether and water, ( Found : Cl, 11*13. Oj|,Hi,0|NjCl requires 
Cl, 10*74 per cent ). 

The authors desire to express their gratitude to His High- 
ness the Maharaja Gaekwar’s Government for a grant by which 
the expenses incurred in this research were met. 

CnEHISTHY DkPABTMENT 

The Colleoe, Bakoua. 

( Reprioted from the Jouroal of the ladlao Chemical Society 
VoL Vlli. issue No. 4 ft 5. ) 
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XXV A Study of the Interaction between Thionyl Chloride 

and Subatances containing the .Reactive Methylene 
('CH}*) Group. Part III. 

BY K. G. Naik and V. B. Thosar. 

The present work is a direct continuation of a previous 
work (Naik and Parekh, J. Indian Citem, 8oc., 19.30. 7, 137) the 
amides used being the substituted amides of acetoaoetio acid 
and acetone dicarboxylic acid. The aim of this work is to 
show that the reactivity of the hydrogen atoms of the reactive 
methylene *( -CH,- ) group, situated between two carbonyl 
groups, with respect to thionyl chloride, is in complete 
accordance with the hypothesis put forward (Naik, J. Chem, 
Sgc , 192), 119 . 1166, 1231; Naik and Avasare, J. C?tem, Soc , 
1922,121, 2592). vig., that the interaction of sulphnr nono- 
chloride and a compound containing a ceactive methylene 
group, depends upon the nature of the groups attached to the 
two remaining valencies of the carbon atom. 

Thionyl chloride was made to react with following amides 
in presence of dry benzene. 

(1) Acetoacetanilide, (2) acetoacet* « -toluidide, (3) acetoacet- 
m-toluidide, (4) acetoacet-p-toluidide. (5) acetoacet- «. naphthyl 
amide, (6) aoetoacet-i3-naphthylamide, (7) acetoacet^ I : 3 :4). 
xylidide, (?) acetoacet (1 ; 4 : 5)-xylidide, (9) acetone dicarbox- 
yaniiide, (10) acetone dioai boxy o toluidide, (ll) acetone 
dioarboxy-p-toluidide, (12) ■ acetone dicarboxy-oc-naphthyl- 
amide and (13 acetone dicarboxy.jS-naphthylamide. 

When the solution was reflux d there was a copious 
evolution of hydrochloric acid with a change in the colour of 
the solution. The reaction was complete at the end of 
one hour. 

The preparation of the substituted amides of aoetoacetic 
acid was first attempted following the method described by 
Knorr {AnncUen, 1886, 236 , 75) which was subsequently 
discarded, yield being found extremely unsatisfactory. After 
some trials, the method used by Ewins and King (/. 



Sloe., 191?, 103 > 104) with some modifications was found to 
yi?ld satisfactory results. For the preparation of the substitnt* 
ed amides of acetone dicarboxylio acid, the method described 
by Besthom and Oarben (Ber,^ 1900, 33 * 3439) was adopted, 
Amides (5 to 8) and (12 to 1 3) have been prepared for the 
first time. 

The reaction in the case of substitnted amides of 
acetoacetic acid (1 to 8) can be represented thus: 

CHjCO^ CH,CO^ 

>CH, + SOCl. ^0:8:0 + 2HC1 

R‘NHOO' ‘R-NH-C-O'' 


In the case of the substituted amides of acetone dicar boxy- 
lie acid (9 to 13), although more than two molecules of thionyl 
chloride were taken for every molecule of the substituted 
amide to give ample opportunity for the substitution of 
sulphoxide groups for all the hydrogen atoms in the two 
reactive methylene groups, reaction did not proceod to this 
extent and the product contained only one sulphoxide group, 
one hydrogen atom of each methylene group having been 
substituted. 


R-NH‘CO\j3g^ 


S 

R-NH-CO/ 


R‘NH*CO\p„ 

00 -I- SOC, CO ^S: 0 - 1 - 2 HC 1 


CH. 


R-NH-CO/®^^ 

( 11 ) 


The above constitution of the sulphur compounds follows 
from the following considerations : 


(t) That the two hydroe;en atoms are not supplied by the 
phenyl group follows from the reasons, (a) malondimethyl 
amide which does not contain such a phenyl nucleus reacts 
similarly with thionyl chloride to give a similar sulphoxide 
(N^k snd Farekh, loc cit.)', (6) acetone dicarboxyanilide which 
conhdns two such phenyl groups also gives the same type of 
compound. On the supposition that the phenyl group is 
reactive, such a compound cannot be expected. 
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(it) That the two hydrogen atoms are not those which 
are originally attached to the nitrogen atom c£ the -NH*R 
group for, (a) in the first place there is only one such 
hydrogen in a molecule of acetoacetanilide, while two hydrogen 
atoms have taken part in the reaction from the same molecule 
of acetoacetanilide; (/.') a tertiary amide like malondi methyl* 
amide which does not contain such amido hydrogen, reacts 
under similar conditions with thionyl chloride to give a 
similar compound (Naik and Parekh, loc cit,). 

Now tiking into considerations the three compounds (i) 
CHjCO'CHj CO’NH-R. {it) R. NH-CO-CHj*CO‘NH-R and {Hi) 
R*NH*CO*CHj’CO'CH.*CO*NH*R it will be seen that the total 
negativity of the carbonyl groups with their attached radicles 
in the case of {i) is due to two groups, one of which CO‘NH*R 
is common to all the three compounds and the other, the 
acetyl group, which is more negative than the partly neutrali- 
sed group, GO'NH*R which is present in {it) and (iii). 
Again, the negative effect of the central carbonyl group in {iii) 
is divided between two adjacent methylene groups, so that the 
total negative effect on each of the methylene group is smaller 
than that on a single methylene group when linked as-CO’CH, 
'CO' as in (i) or (n). Hence it was expected that the two 
methylene groups in (m) would be less reactive than the one 
in (n), which in its turn would be less reactive than that in 
(t). From the facts stated above, it will be quite evident that 
such has actually been found to be the case. Whereas com- 
pounds of the type {iii) have given rise to sulphoxides of the 
type (II), compounds of the type {U) and (i) reacted thus : 


R'NH'COn 

r'-cq/ 


CH, + SOClj — > 


R-NH'CO\q 

R'‘CO^ 


:S:0+2HC1 


where R' is— Clljor — NH'R group. Reaction in the case of 
{i) however is much faster than in case {it). Such behaviour is 
quite in accordance with the theory, already referred to above. 

As compared with the sulphoxides of the substituted amides 
of malonio acid,'*^ those *salt>hoxidea are not degraded inlb 
sulphides by boiling in bens'ene solution in presence of a 
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catalyst like thionyl chloride, hydrcchloric acid gas or iodine. 
They are also more stable towards moistnre, 

E X l B B I M B » T A b. 

Acetoacetioester (1%) wa; 
mixed with oc-aaphthyiamine (14 g.) in a conical &ask with an 
air condenser, and the mixture was heated quickly to 
boiiitig and kept gently boiling for 1^ minutes. On 
corling, the amide crystallised ont. It was filtered and 
washed with a mixture of benxene and light petroleum 
( 1 :1 ) till it was free from the ester and the amine. 
It was then redissolved in hot benzene and filtered from the 
insoluble residue of the diamide which was also formed in 
the course of reaction. The filtrate was diluted with an equal 
volume of light petroleum (b. p. 5('-6U*) and allowed to cool. 
Ac»toaoet>oc-uapthylamide crystallised out in pale red small 
needles, m. p. 108 09’. It is highly soluble in etbyl alcohol, 
msthyl alooh 1, benzene and nearly insoluble in light 
petroleum. (Fouud: N, 6*12. C,4‘^i,0,N requires N, 6*16 
per cent). 

Rest of the 8n^stitottd amides of acetoace tic acid ( i to 8) 
were similarly prepared by condensing the respective amines 
with ethyl aceloacetate. The results are tabulated in Table I. 

Acetone dicarhoxy-oc-napMhylamide.—ktxixyaa dicarboxylic 
ester (10 g ) and « ‘naphtbylamine (11 g.) were mixed together 
and heated in a sealed tube at 130’ for 24 hours. The reaction 
mixture was diluted with about vOO c. o. of benzene when the 
amide separated out. It was filtered and washed with benzene 
till free from ester and finally with ether to remove amine. 
It was then reorystaliised from hot alcohol as palo red 
granular mass m. p. 163**. It is fairly soluble in glacial 
acetic add, sparingly so in alcohol but insoluble in benzene, 
toluene, light petroleum or ether. (Found: N, 6*94. C„H„0,N, 
requires N, 7*07 per cent,). . 

Acetone diearboxy $-napkthylamide was similarly prepar- 
ecl»from acetone dicarboxylic ester and /S napbtbylamine. 
The results are tabulated in Table II. 
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Acetoacetanilids mlphojcide . — Pare dry scetoaoetanilide 
(1*7 g.) was made to react with thionyl chloride (1*4 g.) in 
presence of dry bensene (30 c.c.). After reflaxing for 1 hoar« 
when the evolntion of hydrochloric acid had nearly ceased, 
the clear solntfon obtained was concentrated and allowed* to 
cool. Nothing separated oaf. Hence it was slowly added to a 
large amount of dry light petroleum (b.p. i O-Bo**) when a beau- 
tiful snnS coloured compound separated out. It was redissolv^ 
in bensene and separated by slow addition of light petroleum. 
It was thei^kept in an alkali desiccator till it was free from 
hydrochloric acid. It melts with decomposition to a thick 
black liquid at 90°, with a previous shrinking at 69°. (Found: 

N, 6*43; S, 14*26. C„H,0,NS requires N, 6 27; 8,14*35 
per cent.) 

All other sulphoxides were similarly prepared by treating 
the respective amides (1 mol.) with thienyl chloride (1 mol.) 
under similar conditions. The results are tabulated in Table III. 
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XXVL A$tadjrofthe Interaction between Thionyl 

Chloride and Substancea Conbuning the Reactive 
1Methylene(*CH(-) Group* Part IV* 

By K. Q. Naik AMD V. B. Thosab. 

A close study of the reactions of thionyl chloride with 
organic compounds clearly shows that the course of reaction 
followed by thionyl chloride is entirely guided by the condi- 
tions of experiment in many cases. The reaction of thionyl 
chloride with phenols, phenetoles and alcohols might be cited 
as examples of this type. Generally in presence of anhydrous 
aluminium chloride, these compounds give rise to sulphides. 
But by slightly changing the conditions of the experiment, the 
same reaction can be made to follow a different course, as a 
result of which sulphoxides are obtained (Loth and Michaelis, 
Ber„ 1894, 27 # 2540; Smiles and Roesignol, J, Oltem. Soc., 
190'', 93 , 745). Hence it was thought interesting to examine 
the course of the reaction followed by thionyl chloride when 
it reacts with substances containing a reactive methylene 
(•CH,-) group in cold elltereal solution, although a similar reac- 
lion in boiling Itemrne solution had already resulted in the 
formation of sulphoxides (Naik, Desai and Parekh, J. Indian 
Chem. Hoe., 1930, 7 , 1-^7; Naik and Thosar, ibid,, 19.32, 9, 127); 
and as will be seen from the experiments recorded in this 
paper this expectation is completely fulfilled. 

Thionyl chloride was made to react with the following 
amides in presence of cold anhydrous ether. 

(1) Acetoacetaniiide, (2) acetoacet-o-tcluidide, (3) aceto ic* 
et*m-toluidide, (4) acetoacet p-toluidide, (5) acetoacet-jS-naph- 
thylamide, (6) acetoacet- 1 : 3 : 4-xylidide, (7) malondi-n-propy- 
lamide, (') maiondi-tsobutylamide, (9) malondiamylamide, 
(10) malondiheptylamide, (11) ethylmalon-o-tolylamate. (12) 
ethylmalon^tolylamate, (13) ethylmaloc-jg-naphthylamate, 
(14) etbylmalon-1 : 3 t 4 :>xylilamate, (15) ethylmalon l : 4 : 5 
X, lilamate. 

The amides slowly went into solution, from which, sulphi- 
des Legaa to separate out, the reaction being complete after 



eeversl daysj the time reqnired depending upon the nature of 
the amide used. Amides (1) to (10) gave snlphidea of the 
general constitution, 

R'-OO^ .COR' 

^CH-S-HC;' 

RNHCO' ^CONHR 

(where Rsphenyl, tolyi, naphthyl, xylil or propyl groups and 
R’ is either a CH, or -NHR group); but in the case of amides 
( 9 ) and (10) the reaction products were liquids which did not 
solidify even when placed in a freezing mixture. They will 
be worked up later. On the other hand the amates (11) to (16) 
gave sulphides of the formula 

,CO*NHR 

a:C( 

^C0-00,H, 

'i he above constitution of these sulphides follows from the 
following considerations : 

(f) That the two hydrogen atoms are not supplied by the 
phenyl group, since (a) acetoacetio ester, which does not con- 
tain such a phenyl group reacts with thionyl chloride in a. 
similar manner (Micbaelis and Philips, fiCf,, 1890, 23, 559); 
(5) maiondi-n-propylamide containing no phenyl nucleus also 
reacts with thionyl chloride to give a similar compound. 


(ii) That the hydrogen atoms eliminated are not those, 
which are originally attached to the nitrogen atom of -NHR 
group, for (a) ethyl acetoacetate which does not contain such 
a hydrogen atom reacts similarly with thionyl chloride; (b) in 
case of malondi-n-propylamide which contains two such amido 
hydrogen atoms only one is replaced. On the supposition 
that the hydrogen atom of the -NHR group is reactive both 
these hydro;ton atoms must react. 

Finally in order to establish that these compounds are not 
snlphoxides of the formula 


R'-CO 

RNH'OO 


n 


CO-R' 

00-NHR 
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aavantage vras takon of the fact that Miohaelis an 1 Philips had 
actoally obtained a snlphide of acetoaoetio ester by the action 
of thionyl chloride npon it (foe. cit,). As the conditions need 
by these authors were slightly different from those used here, 
thionyl chloride was made to react with acetoacetio ester under 
exactly the same conditions as were used here and it was found 
that the product obtained was identical with that obtained by 
the above authors, This sulphide of acHoaotic ester has been 
prepared by a host of workers from various sources so as to 
leave no doubt as to its constitution (Buchka, Ber„ , 1^85, 18 , 
2092; Delisle, ibid,, 1889. 22 , 306; Schonbrodt, Annalen, 1889, 
253 . 198; Sprague, J. Chem. Soe., 1891, 59 , 329). 

The reaction of thionyl chloride with amates (11) to (15) is 
also in favour of the sulphide constitution for the following 
reasons : 

(i) These amates, when they were made to react with thio- 
uyl chloride in boiling benzene, where there is a greater possi- 
I.ility of the formation of sulphoxides, gave rise to liquid pro- 
ducts (Naik, Desai and Parekh, loc, cit.), 

(ii) The reaction products obtained here are white crystal- 
line substances, whereas the sulphoxides of the linking : C : 8 
; 0 obtained till now are always coloured substances. 

Michaelis and Philips (foe. cit.) hold that in such reactions, 
thionyl chloride behaves as if it were a mixture of sulphur di- 
chloride and sulphury I chloride, 2 S0C1,->SC1„ SOjCl,. sulphur 
diohlorido reacting with acetoocetic ester with the formation of 
the above sulphide. This view is farther conBrmsd by the 
reaction of thionyl chloride with aromatic tertiary amines 
yielding two different products as represented by the 
equations : 

3PhN(CH,)-|.230Cl,=8[0,H,N(CH3),],-t-S0,< ** 

Cl -1-3HC1 

the second product being obtained by the action of snlphuryl 
chlpride (S0,C1,) on the amine (Michaelis and Qodchaux, fier., 
1890, 23 , 553). The reaction of thionyl chloride with phenol 
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also gives a sulphide together with other substanoes containing 
both sulphur and chlorine (Tassinari, Qazz^ta, 1890, 20 362). 

The same explanation can very well be given in the reac- 
tion studied here. 


B -CO, 
RNH'CO^ 


rCH, +2SOC1.^2 


" R^-( 

RNH-( 


')CH, +SC1„ 
>/ 


R’-CO. .CO*B’ 

SO,Cl,~» ^CH-S-HC' +80,01. + 2HCi 

RNH-CO' ^CO'NHR 

The course of the reaction followed by 80,01, cannot be defi. 
nitely ascertained here, as the mother liquor on evaporation 
gives only a semi solid mass, which it is proposed to work up 
later. In all probability the course followed by the reaction 
is different from that followed under ordinary cmditions where 
cbloro compounds are obtained ( Naik and Shah, J. Indian 
C/icm. 6'oc., 1927, 4 « 11). It is just possible that the catalytic 
action of thionyl chloride might again play its important part 
here aind give rise to compound? of the type obtained in the 
case of tertiary amines and phenols. 

The reaction in the case of amates (11) to (15) can be repre- 
sented as 

C,H,0-CO- C,H,0-C0. 

;CH.+2S0CI, ;c : S+2HC: + 80,0,. 

RNH*CO' ' RNH'CO' 


Such a course of reaction .is not an abnormal one. Many 
instances can be cited where under similar conditions both the 
hydrogen atoms of the mctbyl'ene group of the amates react, 
whereas usually only one hydrogen atom of the methylene 
group in the case of the aliphatic amides of maionic acid is 
found to react (Naik, J, Chem. iSt9C, 1921, 119 > 379; West, ibid., 
1922, 121 , 2190; Naik and Shah, J. Indian Chem. Soc., 1980, 7 
111; Naik and Shah, ibid., 1927, 4 11; Norris and Thorpe, J. 
Chem. Soc., 1921, 119 . 1223). The course of reaction 
where only one hydrogen atom takes part, is explained by sup- 
posing that the second hydrogen atom becomes sluggish after 
the firsi^is replaced by a substituent. 
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From the considerjtion of the time taken to complete the 
reaction ( vide experimental) in a series sneb as, 


H,C, 


/ 


COCH, 


'^CO NHR 

(I) 


II, C, 


/ 


COOC.Hj 

:o-NHR 

( 11 ) 


H,C 


/ 


CONHR 


'^CO-NHR 
(III) 


the time reqairrd foi the completion of the reaction in the 
case of the tj'pe (III) is longer than that required in the case 
of type (II;, which in its own tarn was found to be less reac- 
tive than t^pe (I). This is quite in accord with the hypothe- 
sis put forward by Naik (/. Ghem. 8oc,, 1921, 119, 1166), and 
supixnrted by the experimental work carried on in these 
laboratories since then. That the compounds of type (II) 
are less reactive than those of type (I) follows from the 
fact that the total negativity of the adjoining carbonyl 
groups in type (II) is made smaller than that in type 
(I), by the replacement of a carbethoxy group in place of acetyl 
group, the other ('CONHR; group bdng common to all the 
three types. This total negativity is still further reduced in 
compounds of the type (III) where both the carbonyl groups 
are partially neutralised l.y the -NHR group and hence in this 
case the reactivity of the hydrogen atoms of the methylene 
group is the least and the time required for the completion of 
the reaction longest. 


On examining the properties of- those compounds it was 
found that the thio grouping (-S*) in these compounds is not so 
stable as the thio grouping in the compounds obtained by Naik 
by the action of sulphur monochloride on substances containing 
the reactive methylene group (/. Ohem, Soc.^ 1921, 119, 1166 
1231 ). Thus, while the dithio grouping is quite unaffected by 
fuming nitric acid and silver nitrate, the thio grouping in these 
compounds is destroyed, giving rise to free sulphuric acid in 
the first case, and silver sulphide in the other. The sulphides 
derived from amates are still more unstable and are gradually 
decomposed on keeping for a long time. 



Expehiuunt&l. 

Thiolnaaceloacetanilide — Thionyl chloride (2*5 g.) was added 
to pnre dry acetoacetanilide ( vi’5 g. ) suspended in dry ether 
(30 0. o) in a conical iiask tightly cotked with a calcium Ohio* 
ride tube to avoid moistnre and left at room temperatnre(28-il0) 
The amide slowly went in solution (3 hours) and the ethereal 
solution attained a rich led colour. On the next day white 
hexagonal plates began to separate ont. After 3 days, when the 
reaction was complete the separated solid was filtered at the 
pump and^Vhshed with dry ether to free it from tho excess of 
thionyl chloride. After crj’sullising it from a mixture of 
benxeno and light petroleum (b p. o'J-CO'’) the substance was 
obtained in tbe form of white, hard prismatic needles, m, p. 
132°. But this substance was found to contain traces of hydro* 
chloric acid from which, it could not be freed even on repeated 
crystallisations or keeping it in an alkali desiccitor for a long 
time. The melting point also remained unchanged. Hence the 
substance was dissolved in benzene and boiled with a small 
amount of animal charcoal (U*2 g.) under reflux for nearly 0 
hours. The clear filtrate from animal charcoal was allowed to 
cool after adding an equal amount of dry light petroleum. The 
resulting product was now free from hydrochloric acid and was 
obtained in the form cf white silky needles, m p. 117. It is 
iideresting to note here that the impure compound had the 
same melting point (132°) in whatever conditions it was taken 
ont of the reaction mixture. The analysis of the impure sut- 
stances also amounted to nearly 1 mol. of hydrochloric acid in 
combination with 1 mol. of the sulphide. 

The substance is readily Bolide in benzene, sparingly so in 
chloroform, carbon tetrachloride^arbon disulphide and insolu- 
ble in petroleum ether and ether. (Found : N, 7v3; S, 7’90, 
CjoHjoO^NjS requires N, 7*29; S, 8*33 per cent, ) 

All other sulphides were similarly prepared by treating the^ 
respective amides with thionyl chloride under the above condi- 
tions. A slight .xcess of thionyl chloride than required by 



equation waa always necessary to compensate for the loss cansed 
by gradnal decomposition. All the snlphides except those 
obtained from amates had to be pnrided by boiling with animal 
charcoal for 6 hoars. The resnltsof these experiments are 
tabulated in Table I. 

Hydrolysis of thioibisaieetoomU$-^apMhylamide-Ths compound 
(.? g.) was added to the solution of caustic potash (7 g.) in water 
(8 c. c.) and refluxed for 2 hours. The mixture was cooled and 
filtered. It was washed with ccld water till it was free from 
alkali. The solid was crystallised from hot water, \ybiep chara- 
cteristic rosy leaflets separated out, m, p. lll^ The substance 
was identified as jS-naphthylamine and confirmed by mixed 
melting point. The filtrate was evaporated to dryness on a 
water bath and the solid obtained was treated with hydrochloric 
acid when H,S waa found to evolve. 
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XXVn Mercuration of O>inponnds Contuning a 
Reactive Methylene ( -CH, ) Gronp by meant of 
Mercuric Chloride* Part 11. 


By : K. G. Naik AMD R. P. Patel. 


It is well known that when an aqneons solntion of mer« 
cnrio chloride is boiled with sodinm bicarbonate, me<%nric 
oxychlorides are precipitated ( Mellor, ** Comprehensive 
Treatise on Inorganic and Theoreticai Chemistry,” 1933, Vol. 
IV, p. 833: Millon, Ann. chim, phys,, 1846, Hi, .372 ). 
These oxychlorides differ in their composition according to 
the experimental conditions and are usnally expressed as dou- 
ble compounds of mercnrio chloride and mercnric oxide. Bat 
it is possible to conceive that when to a boiling aqneons aloohc- 
lic solation of mercnrio chloride and a reacting organic com- 
ponnd, a solation of sodium bicarbonate is added, the above 
doable compounds of mercury, no sooner are they formed in 
ap incipient condition than, would react with the organic 
compound present. With snch a possibility, the organic com- 
pounds containing a reactive methylene group would, under 
the above conditions, give produots containing the grouping 
>C : Hg. Such baa actually been found to be the case. 


The course of reaction may be expressed as ; 

HgCl.+NaHCO, — ».m HgCl ‘WHgO 


n ;c 


R 


/ 


H,+ n-0 


R. 


Hg'm HgCl . — >n : Hg 


The following substitated amides of malonio acid and 
acetoacotic acid when mercurated under the above conditions, 
gave products of the general formula : 


CO- 


Hg:C< 

^CO- 


(1) Malonmonophenylamide, (3) malonmono-o-toluidlde, 
mslonmono-p-tolaidide, (4) malonmono-m-tpluidlde, (5) malon- 
mono<oc>naphtbylamide, (6) malonmono jS-naphtbylamide, (7) 
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malODiuona*! : 3 : 4>xylidide, (8) malouamide* (9) ethyl 
malonate, (10) ethyl aceto>aoetate, (11) aoetoaoetanilide, (12) 
aoetoaeet-o*tolaidide, and (13) acctoacet<f>>tolaidide. 

That the compounds obtained do not contain admixed mer> 
curie oxychlorides, is shown by the fact that they come out of 
the mixture as white precipitates which when separated and 
analjrsed were found to contain no chlorine; and at no time 
during the reaction was any change of colour observed. Fur- 
thermore, the mercury derivatives were insoluble in the ordi- 
nary st)[vent 8 , whereas the; original amides are quite soluble. 

The resultant products decompose on treatment with dilute 
C‘25A’'-hydrochlorie acid giving the original amide and mer- 
curic chloride. With hydrogen sulphide they react quanti- 
tatively giving black mercuric sulphide. Potassium iodide 
decomposes the compounds foiming the original amide and at 
the same time liberating two equivalents of alkali for each 
molecule of the product. Phenvlliydrazine and hydrazine 
hydrate decompose the above compounds with the separation 
of metallic mercury. The above reactions clearly indicate 
the existence of a weak 0 — H 4 link ge, which is usually found 
in compounds, containing mercury attached to a carbon atom 
in « -position to a carbonyl group. 

From considerations such as (a) the formation of a mer- 
cury derivative from ethyl acetoacetate and eihyl malonate, 
(b) the nonrnpture of the C — Hg linkage under conditions 
which invole the rupture of N— Hg linkage ( T^ey and Kissel, 
Ber., 1899, 32, 1357 ), (e) the behaviour of the resultant com- 
pounds in a way similar to those having mercury attached 
to a carbon atom in « -position to a carbonyl group ( Billman, 
Beri, 1992, 35, 2582; Schoeller and Sohranth, Bfir , 1908 41, 
2091; Petterson J*. pr. Chm„ 1912, n, 86, 498; Schrauthand 
Banersebmidt, Bar., 914, 47 2740); (d) the quantitative de> 
composition by potassium iodide, and (c) the formationof dibro- 

momalonamide. with bromine as advanced in a previous 00 m- 
mnnioation ( Naik and Patel, J, Indian 0/iein, Soc , 1932, 9, 
185 >, the §bov;; constitution has been assigned to the com- 
ponnds described herein. 



Expebimbrtal. 

Mereuritnaionmonopltenylamide, (l)^Maloamonoplienyla- 
mide ( 1 g. ) aad meronrio chloride (I* 15 g.) vore dissolved in 
alcohol and the solntion heated to boiling in a flask. To the 
hot solntion was added a solntion of sodinm bicarbonate (1 g.). 
The solution became tnrbid as the oomponnd began to separate 
and there was effervescence due to the escape of carbon 
dioxide. The flask was then heated for | hoar to complete 
the reaction. The precipitate was then filtered hot at the 
pump, washed thoroughly with the alcohol and sg^seqnently 
with water. The product is insolnble in meet of the 
ordinary organic solvents. It melts with decemposition at 
275.78®. ( Found : N, 7‘25; Hg, 53-29. C.HgO.N.Hg requires 
N, 7*44; Hg. 53*19 per cent.). 

Action of dilute hydrochloric add on (1), — ^The compound 
(I) on treatment with hot 0*25^. HCl went into solntion which 
when concentrated and cooled deposited crystals of melon* 
monophenylamide, m. p. 164®. 

Action of hydrogen atUphide on (I).— The compound (I) 
(C'6039 g. ) was snspened in 30 p. c. alcohol and a slow current 
of hydrogen sulphide gas was passed into the solntion till the 
precipitation of mercury as mercuric sulphide was complete. 
The' precipitates were then filtered through a Gooch crucible 
and-washed repeatedly with alcohol and water till free from 
hydrogen sulphide and the amide formed by the decomposi- 
tion of the compound. It was then washed with carton 
disulphide ( 20 o. c. ) and pyridine ( 20 c. o. ) to remove the 
sulphur which might have been precipitated together with 
mercuric sulphide. It was 'finally washed with alcohol and 
ether to remove the adhering carbon disulphide and pyridine, 
dried at 105-10® and weighed (0*3762 g. ), (Found; Hg, 
53*69. C,H,0,N,Hg requires Hg, 53*19 per cent. ). 

This indicates that the decomposition of the substance with 
hydrogen sulphide was quantitative. 

^ Action (f phenylhydrazine and hydrazine hydrate , — ^The 
compound (I) was decomposed when it was treated either with 
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phenylbydrazine or with hydrazine hydrate with the aopara* 
tion of grey metalHo meronry which settled down. 

Action qf hromine on mercwrimalonamide . — ^The mercury 
derivative suspended in water was treated ^ith an aqueous 
solution of bromine till no more bromine was absorbed. The 
flask was then heated to boiling and the solution concentrated. 
On cocling crystalline precipitates of the bromo-derivative and 
mercuric bromide were obtained. The precipitates were then 
Altered and washed with alcohol till free from mercuric 
bromTSST The residue when dried melted at 203*04°. It was 
identical with the dibromomalonamide obtained by the direct 
bromination of malonamide ( Freund, Ber 1884, 17, 782 ). 

Mercurimalonmono-o-tduidide,, (II).— This was prepared in 
exactly the same way as the corresponding malonmonopheuy. 
lamide derivative (I). The product is insoluble in all the 
ordinary organic solvents and melts with decomposition at 
257-59°. (Found: Hg, 51*6. Ci,H(,0,N,Hg requires Hg 
51*3 per cent. ). 

Action of potassium iodide on (II). — ^Tbe compound (11) 
( 0*28 g. ) suspended in water was treated with an 
aqueous solution of potassium iodide (1 g.). Potassium hydro- 
xide was gradually liberated. After a day, the liberated potas- 
sinm hydroxide was titrated against 0‘059i\r-HCl (23*3 c, o. ). 
It was found that no more potassium hydroxide was liberated, 
even on further heating the inixtnre, showing that the reaction 
was complete in the cold. 

The liberation of 1*915 equivalents of alkali indicates that 
tho rapture of C-Hg linkage is almost quantitative in the cold. 

Compounds similar to the above have been prepared by the 
interaction of the compounds (3) to (13) with meronrio chlo- 
ride in presence of sodium bicarbonate under identical condi- 
tions. These haye been tabulated in the annexed table. 
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XVin— IVopertiM of Coqjugated Compounds. Part XII. 
The Addition of Esters to Butadiene Esters and 
Ketones : the Effect of Constitution on 
the ccSdUtio. 

By Ebiobst Habold Fabmkb and Thakobbhai Nabanji Mbhta. 

The stady of ester addition is a osefnl means of determin- 
ing the extent to 'which the additive mode of bntadienoid 
compounds is dependent on constitutive factors. The Michael 
reaction affords the advantages of fairly constant conditiona 
of opSRRbn over a wide range of exampleSi and a high 
degree of stability in the end prodncts; consequently it seemed 
possible to follow experimentally the variation in additive 
mode with (1) change in the alkyl (or other) substituent in 
the butadiene chain. (2) modification of the activating group 
attached to the oc-carbon atom of the butadiene chain, and 
(3) graduated modification of the addendum. The utility of 
the process as a source of accurate comparative data has, in 
practice, been greatly diminished by the difficulty of separat- 
ing, estimating, or even recognising the presence of the 
isomeric compounds which should result from the simultane- 
ous occurrence of different additive modes; indeed, owing to 
this difficulty, the Concurrent prodnction of both ocjS- and 
ex (-ester-addition products has only recently been demon- 
strated (Farmer and Mehta, J., 1930, 1610). The compounds 
which should arise by interaction of the simpler butadiene 
esters and ketones witb common ester-or keto-addenda are for 
the most part unknown and difficult of synthesis; consequent- 
ly, separative methods offer at present the only practicable 
means of computing the ratio of iSomeric addition prodncts. 
The present paper describes an attempt to overcome the 
experimental difficulties (compare Farmer and Mehta, loe,cU,) 
sufficiently to obtain reasonably accurate estimates of the 
oejS, oeg-ratio holding for a number of alkylated butadiene 
esters and ketones. 

Of tbe two methods previously employed in computing 
(h^ rst|o, m, (a) th^ qpantitti|ive estimation of the proporttop 



in wbiob aoids of tbo glntaric and pimelic series can be 
obtained from the catalytically reduced addition prodncts, 
and {^J the sopaniioa of suitable derivatives of the ozonoljtio 
degradation prodncts of the respective additive componndSt 
only the first conld be snccessfully applied to the prodn<^ 
from methyl sorbate and methyl malonate. The sarnie 
method, however, proved unsuitable when apiplied to the 
product from ethyl /-methylscrbate and ethyl cyanoacetatj^, 
the presence of the V-methyl group in the addition product 
appearing effectively to inhibit tho catalytic red^pt^n pt 
j6y- and y8-donble>bonded addition products under cdp< 
veniently accessible conditions of temperature and pressure. 
A similar resistance to catalytic reduction appears from recent 
work to characterise the presence of a jS-methyl group in the 
addition product; therefore, us no type of simple derivative 
fferiei'ally suited to the separation of isomeric addition pro- 
ducts has been discovered, it has been necessary, in order to 
deal with instances in which tho reductive method fails, to 
improve the ozonoly tic method. 

This method of estimation, being degradative, requires the 
employment of much larger quantities of starting material 
than the reductive method; moreover, the ocjS-pdditibn 
products of the series yield ultimately, by degradation, qcids 
of the tricarballylic group which ar,Q extremely liable to 
(Scape isolation.. By improving -the method of extracting 
those acids, whilst employing larger quantities of addition 
product than formerly, it has been possible to increase 
the total yield of separated degradation products, but this 
yield does not exceed 6 . 3 %, There is a possibility, therefore, 
that the figures obtained by the two methods are not 
comparable, i. c., that the losses incurred by employing the 
ozonolytic method apply unequally to the respective degra- 
dation prodncts of 09)8- and oeg-forms. This does not 
appear, however, to be generally or seriously the case, since 
the values of the ocjS.ocSrratio determined by the two 
inelhb^s for tbo additions of methyl malonate to meth^ 1 
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sbrbalto' And to brotylidraeacetone are almost identical in each 
case. The table shows the effect on the percentage of the 
ooj8-addition product of (a) methyl sabstitntion at the )S- end 
/•atoms of the butadiene chain in sorbic ester* and (&) change 
of the aotiTating gronp from carbomethoxyl to acetyl. 




Yield of 

Proportion 


Method of 

iisolated 

of 

Reaction. 

treatment. 

material, ^ 

. oc'jSrfovm. 

1. Methyl sorbate-i- 

(i) Ozonolysis 

60 

9 

methyl malonate 

(ii) Hydrogen- 

90 

7—10 


ation 



2. BthyT^-methyl- 

Ozonolysis 

62 

<7* 

sorbate -f- ethyl 




malonate 




3. Ethyl )^-metbyl* 

(i) Hydrolysis 

64 

74.5 

sorbate -f-ethyl 

and ozono- 



cyanoacetate 

lysis 




(ii) Ozonolysis 

76 

70 

4. Orotylideneacetone 

(i) Ozonolysis 

67 

27 

•f-methyl malonate (ii) Hydrogen- 

90 

29 


ation. 


*Farmer and Mehta, loc. dU 

The numerical values appear to have a well-defined con* 
stitutional significance. At present, however, it is dillioult 
to correlate the low ratios found for the S-methyl and /3S* 
dimethylbutadiene esters, and the high ratios for the analog- 
ous /S-dimethyl compound, with such detailed views on the 
relative activating and modifying powers of groups situated 
at the different carbon atoms of the three«carbon system as 
have been expressed in connexion with the principle of 
mobile ion tantomerism (see Ingold, ilnn. Reporta, 1928 
25 , 1 ^ 7 ). Further comment on this question is, therefore, 
postponed pending investigation of the way in which the 

f Methyl substitution at both /S-and 8,-carbon atoms of 
sorbic ester totally inhibits addition, so that the Joint effect of 
j8- and 8-alkyl substituents has been nnascertainablo It 
seems probable from recorded observations (Kohler and 
Butler,,/, kmer. CAsm.' Boc;, 1926, 48 , 1036; Farmer and 
Healey, J., 19|27, 1060) that the amount of the 
from the parent butadiene ester (/3‘Vinylaorylic ^ ester) 
ambahta ai moat to- ope or two nnits%. 




ratio variea with ohangea in the activating group attaohed to 
butadiene syatem. It ia clear that the nature of the aotiyat* 
ing group ia not without aome effect in determining the 
proportion between iaomeric forma of the addition product: 
indeed, the alteration in the ratio conaeqnent on change from 
00, Et to COMe ia ao great that compariaona between different 
typea of butadienoid compounda (eatera,' ketonea, nitrilea, 
etc.) would aeem to be invalidated. 

It ahonld be noted that the addendum in the inatance of 


ethyl y-methylaorbate waa ethyl oyanoacetate and jjojL^tbyl 
malonate. Preaumably the oc/S,ocS-ratio of an alkylated 
aorbic eater ia independent of the conatitntion of the parti- 
cular-eater* or keto-addendnm employed in its determination, 

but the point ia being tested experimentally. It ahonld aUo 
be noted that the eater additiona deacribed in thia eeriea of 
papera have all been carried out under '* catalytic *’ condi- 
tiona of operation, i, e„ with only a amall proportion of 
aodium alkoxide aa condenaing agent. 

HO,C.CH,.CHMe.OH,.OH,.CH,.CO,H 


NaOBr 


I ' 


AoCI 


HO,C.OH, .CHPr-CHa-COaH 


t 


NaOBr 


HO,C.OHa.CHMe»OH, .CHa-OH,.OOMo HO,C.CH,.CHPr.OH,. 

f f OOMe 

I Hydrogenation I Hydrogenation 

I and bydrolyaia i and bydrolyaie 

(MeOaO)aCH.OHMe.GH:GH.GH2-GOMe 

(ocfi-proi^po^ GHMe:GH.GH(OH2*GOMo>GH GO,Me), 

I 0, (o( /3-prodnot) 

I I 0, 

(MeO,Q),GH.GHMe-GHO-f-GHO-GHa-COMe >|r 

GHg -GHO + GHO«GH(GH,.GOMe).CH(GO,Mo), 
Oxidation and I Oxidation and 

hydrolyeis ^bydrolyaie 

HOaG.Gfia*GHMe.GO,H HO,G.OHa*GH(GOaH).OHa-COMe 

AoCa 1 


GHMo-GO 
dHa^ — CO 


>0 


NaOBr 


^0,G.GH(GHa•G0aH), 
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Siuee the more important detaUe eonneeted with the 
redaction and degradation of the addition prodnota from 
methyl eorbate and ethyl y>methylaorbate have already been 
deaoribed, it ia only neoeaaary to refer to the method 
of dealing with the produota from orotylideneaoetono 
and ethyl j8*methylaorbate. The o^jSiOcS-ratio for the 
former waa determined (a) by weighing the amount 
of j8*propy]glatario acid (iaolated from ita mixture with 
j8-methylpimelio acid) derivable from a weighed amount of 
the oatglxtically reduced addition produet, and (&) by eati* 
mating tbe proportiona of tricarballylic acid and methyl* 
anocinio anhydride obtainable by the decompoaition of a 
weighed amount of the addition product. The atagea paaaed 
through in attaining the end produota are indicated in the 
acheme above. 

Tbe addition produota from ethyl |8*methylaorbate ahould 
yield by degradation j3*°>oi>hyltricarballylic acid and methyl* 
ancoinio acid. The latter waa readily iaolated, but the 
preaence of /S*methyltrioarballylio acid remained undetected. 
Thia acid ia doubtleaa produced in very email amount, ainoe 
ita complementary degradation product, acetaldehyde, ia 
detectable, but in view of the fact that it abonld be more 
readily extracted from the oxidation reaiduea than tricar* 
ballylio acid and that the latter haa been iaolated in a proper* 
tion oorreaponding to 7% of an ocj3-addition product, there 
ia every reaaon to believe that the proportion of oc j3-addition 
product in thia inatanoe doea not exceed, and ia probably 
conaiderably leaa than, 7%. 

ExPIBIMBKTAIn 

Addition qf Methyl Malonate to Methyl 5br&af0.— Tbe 
mixture of addition producta (compare Farmer and Mehta, 
loo. dt.) (32 g.), diaaolved in chloroform, waa oaoniaed at (F 
until no more ozone waa abaorbed. Removal of the aolvent 
from the product yielded a viacoua ozonide which waa gently 
heate^ with water (40 o.o.) to about 70*, the vapoun generat* 

sn 
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6d to tlie teabtioii yeasel being swept by a slow stream of 
oarbbn dioxide into a satnrated solntion of 5:5>dimetbyl- 
<)tiiefobexane-l:3-dione. After a few miantos a precipitate 
began to form in tbe latter soltition; this, after being washed 
with water, melted at 139" and was fonnd to be the aoetald* 
ehyde derivative of dimethylct/ofohexanedione (mixed m. p. 
139*). 

The aqneons reaction product, which gave an intense 
colonr with ferric chloride, indicating the presence of 
formylacetic ester or its polymeride. /•formylghftiToonio 
ebW, was ultimately heated for 2 hoars on a sand-bath in 
order to decompose any residnal ozonide. The aldehydic 
OstOrs ' contained in tbe ; product were oxidised with 30^ 
hydrogen peroxide (40 c. o.), tho mixture being kept at room 
temperature with occasional shaking until the product no 
longer gave a coloration with Sohiff's reagent (2 days). Tho 
acid reaction product, when made alkaline with sodium 
caSbonate and shaken with ether, yielded no neutral (nn* 
oxidised) material. The dissolved acid esters were hydro- 
lysed by heating with the calculated quantity of caustic soda 
sblutfoh and then decarboxylated by refluxing for 12 hours 
with approximately 20% hydrochloric acid. The resulting 
liquor was' extracted 10 times with ether, evaporated to 
dryness, and the residue exhaustively extracted with ether. 
The flnal residue was heated for some time at 180" to convert 
any polybiulc acids into their anhydrides, and then thorou- 
ghly extiacted with ether. The flist and second of these 
extracts yielded crude methylsucoinic acid; the third con- 
tained no dissolved material. ..Since in none of the degrada- 
tions of the sorbic ester addition product previously carried 
out had separation of even a small quantity of tricarballylic 
acid from the. crude methylsuccinic acid been achieved by 
fractional orystallisation, the whole of the acid material was 
heated with acetyl chloride for 3 hours. Removal of excess 
a.ietyl chloride by distillation, and of acetic acid by keep- 
ing the rosldne over oanstio soda in a vaonnm desipoator, 



yieldet} ab. anhydride which waft neparated' by dittillation 
into two portions, (i) b. p. 112—115^/7 mm. and.(ii) b. p^ 
220— 225‘/7 mm. The first fraction yielded niethylsnooinic 
acid on boiling with water (m. p. and mixed lu. p. Ill*; 
eqniv., 66), and the second, which solidified in the receiver 
(m. p. 131* after recrystallisation from acetic acidrchlofo* 
form), gave tricarballylic acid (m. p. and mixed m. pi 160*; 
eqniv., 58<3) on boiling with water. Yields: methylftncoinlo 
acid, 9 g.; tricarballylic acid, 1*2 g. 

cff Methyl Malomte to Crotylidermcetone -m.Tbe 
additive p'oeess. The addition product was obtained by warm* 
ing gently on a steam*bath for 7 hours the mixture obtaine(| 
by adding successively methyl malonate (50 g.), snfiSciept dry 
other to produce turbidity (about 10 c. c.), and crotylidenea* 
cetone (24 g.) to a solution of sodium (0.6 g ) in the minimal 
quantity of methyl alcohol (about 6 c c.). The product was 
cooled, poured into water, and extracted with ether. The 
dried ethereal extract yielded (i) unchanged reactants which 
distilled below 100*/i8 mm., (ii) the addition product, a 
colourless oil, b. p. 170— 175*/18 mm., and (>ii) high-boiling 
material which constituted only a small proportion of the 
whole except when the additive process was unduly pro- 
longed. The addition product, obtained in 66% yield.-was 
shown as described below to be a mixture of the isomeric 
substances methyl l3-acetonyU£^^-pentme-OG-<-cHcati>oa>ylate 

y 

and methyl fi-methyh 2 -acetyl' A * -ymtern- x oc-dicarboxylate 
(Pound: C, 59>3; H, 7*3. Ci 2 HigCB requires 0, 59*5;' E, 
M%l. 

Hydrogenation of addition produeto, The addition pro- 
duct (24 g.) was dissolved in aqueous methyl alcohol and 
shaken with hydrogen in the presence of colloidal palladiuni 

and gam arable: it was necessary to renew the catalyst 
several times in order to ensure the absorption of a mole- 
cular proportion of hydrogen. The reduction prodnott.work- 
ed up in the usual way, was a colourless oil, b. y, 
}.'>8rrl6.3^/12 mm.; ^iold qnantitativ^t 
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AtUk dtrivtd from the KyirogmaHon pfodtwf.—The 
rednotioD prodact was boiled for 12 boars with 4 times its 
volame of 20% hydrochloric acid. The resalting sola ti.un 
was first extracted 6 times with ether and then evaporated 
to dryness, the residue being taken np in ptber. From the 
ethereal liqnors an almost quantitative yield of syrupy 
ketonio acid was obtained. 

Sinoe the ketonio hydrolysis prodnot con Id not be direct* 
ly resolved into its component acids, it was oxidised by 
dissolving it (17 g.) in cold dilate potash solntioMlfd gra* 
dually adding it with shaking to a hypobromite solution 
(brouiine, 20 c. c.i potassiom hydroxide, 45 g.; water 250 
0, c.). The resalting solution, from which bromoform soon 
separated, was kept over*night, treated with sodium sulphite, 
evaporated to dryness, acidified with hydrochloric acid, and 
extracted thoroughly with ether. From the ethereal extract 
a syrupy mixture of isomeric acids was obtained in about 
90% yield. Separation of the acids was achieved by die* 
tillation, the portion distilling at 163~165*/10 mm. consisting 
of' j3*propylglntaric anhydride admixed with a little j8* 
methylpimelic acid, and that distilling at 195—200/10 mm. 
consisting of j8*methylpimelio acid, m. p. 47* (mixed m. p. 
47*); the calcium salt of the latter readily yielded, on heating, 
3*methylcpoldhexan*l*one, b. p. 160—165* (semicarbazone, 
m. p. 191*). ■ The /3*propylglntario acid was purified by 
converting it into its anhydride by means of acetyl chloride 
and boiling the pure anhydride (b. p. 181— 183*/23 mm.) 
with water; the regenerated acid, after recrystallisation from 
dilute hydrochloric acid, melted at 52^ (mixed m. p. 52*), and 
its anilio acid at 128* (mixed m. p. 128*). The total yield of 
^propylglntario acid from 15 g. of the mixed acids was 
4*4 g., corresponding to a proportion of ocj3*addition pro* 
ducts of 29*3%. 

Ozondhyeie qf the addition product. A further portion of the 
addition prodnot (37 g.) was ozonised as described above. 
Considerable acetaldebyflq was g^n^ratf^ (dipiethpnq, m. p, 
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and mixed m. p. 139“;, and the aqneona recetion product gave, 
aa would be expected if an oeg-addition product were present 
originally, a deep colour with ferric chloride. The aldehydio 
eaters were oxidised with hydrogen peroxide as described 
above, add then heated with 15% hydrochloric acid for 24 
hours. The aqueous acid liquor was thoroughly extracted 
with ether, and then evaporated to dryness, and the residue 
taken up in ether. The dried ethereal liquors yielded an 
acid syrup which was heated with acetyl chloride for 3 hours, 
and Aettr after removal of the reagent and acetic acid, dis> 
tilled, giving methylsnocinic anhydride, b. p. 113— 120“/10 
mm., and acetonylsnccinio anhydride, b. p. 200— 210“/10 mm., 
as colourless oils. The former was identified by convertdon 
into the anilic acid (white crystalline powder, m. p. 156“: 
Kohler and Butler, J. Amer. O/iem. Sloe., 1926, 48, give m. p. 
147*. Found : C, 63..55; H, 6-1. Calc, for CuHisOgN : 
C, 63>3; H, C>3%) and into methylsnocinic acid (colourless 
prisms, m. p. and mixed m. p. Ill*; eqniv., 66); the acetonyl* 
succinic anhydride, which could not bo induced to crystallise, 
or give a semicarbazone, a nitrophenylhydrazono, or a cry* 
stalline specimen of its acid (Emery, J. pr. CAsm., 1896, 83, 
305, describes the anhydride and the acid as solids melting at 
95“ and 107—109“ respectively), was identified by conversion 
into tricar ballylic acid (m. p. and mixed m. p. 160^. This 
conversion was accomplished by the action of potassium 
bypobromite, the trioarballylic acid being precipitated as the 
lead salt and regenerated by means of hydrogen sulphide. 

Addition of FAhyl Mdlmate to Ethyl ^‘Methylsorhate.— 
Ethyl jS’methylsorbate. The preparation of this substance in 
^nre condition and good yield is difBcnlt Our experiments 
showed that, in the usual method of preparation from 
ethylideneacetone and ethyl bromoacetate (compare Burton 
and lugold. J., 1929, 2029), (1) it is not advantageous to 
employ excess of the ketone in the preliminary Reformatski 
reaction, and (2) of the numerous methods which have been 
ftppUe^ to dehydration of Beformatski products, the actioq 
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of tbionyl chloride is preferable in thia instance. The 
hydroxy-ester (85 g.) (ethyl /3-hydroxy-j8-niethyl- A^-hexe- 
noate) is dissolved in pyridine (40 g.), and into the solntion, 
cooled in a freezing mixture, thionyl chloride (354 c. c.) is 
dropped slowly with shaking: the product is kept at room 
toinporature for 3 hours, then poured into water, and worked 
up in the usual way. The conjugated ester, b. p. 115.~1 16^/36 
mm., is thus obtained in 64% yield (Found: 0, 63*7; H, 8«9. 
Calc, for C 9 H 14 O, : C, 63-6; H, 9.1%). 

The additive reaction. Ethyl malonate (50 g.) vnrtla'dded 
to a solntion of sodium (0«5 g ) in ethyl alcohol (7 c. c.). 
Ether (about 10 c. c.) and the conjugated ester (23 g.) were 
then added, and the mixture heated in a steam-bath for 7 
honrs. The reaction product, worked up in the usual way, 
gave unchanged reactants and a colourless oil, b. p. 
170— 175“/10 mm. The latter proved to be a mixture of 
ethyl ^-methyl- t^y^hexenoate- ^-malonate and ethyl ^^•‘dime’ 
thyl- A ^-pentenc-oc'S^-tricarboxylate (Found: C, 61.0; H, 8*3. 

requires 0, 61.1; H, 8.3%). Yield, 39 — 42%. The 
reduction of thia mixture (in the presence of colloidal palla- 
dium or platinum) was attempted, but at room temperature 

only very small amounts of hydrogen were absorbed under 
1 or 2 atm. 

Ozonolysie of the addition product. The operation was con- 
ducted as previously described. The addition product (36 g.) 
gave a very viscous ozonide which decompdbed to form ace- 
taldehyde (dimethone m. p. 139°) and a mixture of aldehydic 
eaters. The latter, which gave the expected deep colour with 
ferric chloride duo to the presence of acetocetic eater, were fur- 
ther oxidised with hydrogen peroxide (see above) and subsequ- 
ently hydrolysed with alkali and docarboxylated by boilin . 
with 20 %hydrochloric acid for 12 hours ( direct hydrolysis 
with hydrochloric acid caused gross decomposition 
through charring ). From the hydrolysis product an acid 
syrup was obtained which was immediately converted by 
^cto^l chloride intq a qiUture of anhydrides. This distilled, 



with the exception of a few drops of high-boiling material, 
at 115 — 120'’/10 mm. and consisted almost entirely of metby- 
Isucoinic anhydride. The anhydride was converted into 
methylsncoinic acid (m. p. and mixed m. p 1 LI"), the total 
yield being 94 g. (62^yiold); no /3-niethyltricarballylic acid 
derived form an ocjS-addition product was isolated, and 
repetition of this experiment, with careful examination of the 
methylsucoinic acid, failed to establish the presence of the 
former acid. 

(X of t/iO Addition Products from Hthi/l 

Cyanoacetate and Ethyl Y-Methylsorbate, — The method previ- 
onsly employed in attempting to determine the composition 
of the addition product from ethyl /-methylsorbate (Farmer 
and Mehta, loc. cit.) was modified as described in (a) and 
(5) below. By this means independent approximate estim- 
ates of the ocj8, ocg-ratio were obtained. 

(a) The addition product, b. p. 190— 195*/18 mm. (20 g.), 
was dissolved in concentrated sulphuric acid (50 g.) and kept 
over-night. The solution was diluted with water (120 c. c.) 

and then rotlnxed for 9 hours on a sand-bath. The hydrolysis 

y 

product, a mixture of /Sy-dimethyl-A'-pontene-JcS-dicar* 
boxylic acid and |6-t.'>obutcuylglutario acid, was extracted 
with ether and worked up in the usual way. Yield 90^. This 
acid mixture was ozonised, and the ozonide decomposed as 
previously described. The decomposition products were 
extracted with ether and distillud, giving (1) /j-methylltevulic 
acid (2 g.), b. p. 140 — 150"/20 mm., and (2) the dilactone of 
j8-acetylglntaric acid (7 g.). b. p. 200— 210®/20 mm., (compare 
Farmer and Mehta, loc, cit , p. 1615). The proportions of 
these substances corresponded to the presence initially of 
25*5^ of the ocS-and 74*5% of the oejS-addition product. 
On this basis the total yield of the pure decomposition prod- 
ucts was 64*3%. 

(5) Ozonolytic decomposition of the original addition 
prodnet ( 15 g. ) was carried out as described above. 'I^e 
subsequent procedure differed from that formerly employed 
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i>y the aatbore •{he, dt.) in that the ketonio eetera first 
produced (ethyl oc-cyano-jS-methyllsevnlate from the ocg-and 
ethyl oc-oyanO'j8*aoetylglatarate from the oc/S-addition 
product ) were not converted for purposes of estimation into 
substances (1) and (2) [see (a) above] respectively. The esters 
differed sufficiently in -b. p. from one another and from 

the original addition -product to allow of reasonably good 
fractionation. It being assumed that these fractions 

were homogeneous, the ooj6i oc8*ratio of the original addition 
products was 7 : 3; on this basis the yield of isolated deoom* 
position products was 76^. The ketonic esters were snbse* 

quently shown to be respectively convertible into the acid 
and dilactone named above. 

The authors desire to thank the Government Grant 
Oommittee of the Boyal Society and the Chemical Society for 
grants which have defrayed a considerable part of the 
cost of the investigation. 

Imperial College of Seienee and Technolgy, 

London, S, W, 7 

(Reprinted from the Journal of the Chemical Society, 19 ) 1 .) 

XXIX«— ^pertiea of Coitjugated Compounds. Part 
XIII. The Michael Reaction and the Manner 
of Formation of Certain Saturated 
Double-addition IVoducts. 

By Rbnbst Habold Fabhbr and Thakobbhai Nabanji Mehta 

As a consequence of the authors’ demonstration that a 
plural mode of attachment of ester-addenda to bntadienoid 
compounds could obtain (J., 1930, 16I0,\ it seemed probable 
that a detailed study of the course followed by the Michael 
and other allied reactions which proceed in alkaline solution 
could ultimately give unequivocal information as to the 
order of events in these reactions and consequently as to the 
mechanism of an important type of unsymmetrical addition 
and the manner of polarisation of conjugated esters. If, 
during addition, 'the 'anionic component of . the addendum 
wiere the first to become attached, the resulting system 
could be prototropio (A) or bon-tautomerio (B): • 
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R.OH4H.CH;C6[-00,R’ R.OH:OH.OH.OH.CO,R’ 

I - I - 

(A) CH(CO,R’), CH(CO,R')a (B) 

in the former case the completion of addition could yield a 
> or A^-form of an ocg-addition product (inmost oases, 
probably, the latter almost exclusively in view of the relative 
activating tendencies of the graoups attached to the proto- 
tropic system) and in the latter case an ordinary ccjS-addi- 
tion^odnct. This.means that the complex anions necessarily 
formed intermediately could not be in eqnilibrinm with one 
another, so that there is no possibility of ocjS, oc ^-isomeris- 
ation except the retrograde Michael reaction, thns: ocjS- 
Froduct Reactants ocg-Produot If, on the other 
hand, the kationio component first became attached, the 
resnlling system wonld be anionotropio. 



+ + 

so that a direct mechanism for the prodnotion of isomeric 
forms akin to the mechanism of bromination wonld be 
provided. Both views have been pot forward in connexion 
with the addition of unsymmetrical addenda to mono-olefinic 
esters nitriles and ketones. It is important to note, however, 
that if the initiation of oc$-ester addition to bntadienoid 
compounds is dependent on the appearance of positive pola- 
rity on the 8-oarbon atom' of the butadiene chain, then 
polarisation of the Thiele type is effectively produced before 
reaction commences. 

In the preceding paper consideration has been given to 
the ratio in which ocj3- and ocS-addition products are formed 
from various bntadienoid osters and ketones: the results 
which have been obtained do not give clear and definite 
support to the view that an anionotropio mechanism deter* 
mines the additive ‘mode. There is, however, a series of 
observations on record which seem to indicate that a con* 
sideration other than the simple ones outlined above may 
28 



eater into the problem relating to the formation of ester (and 
allied) addition prodncts. 

It was shown by Bechert (7. pr. C/ie>».,1894,SO«13) and Hinr< 
iohsen {Annalm, 1904 336i 339) that oinnamaldehyde reacts 
with cyanoaoetio ester and With malononitrile in the presence 
of a few drops of alcoholic sodinm ethoxide to yield cinna* 
mylidenecyanoacetic eater, Ph-CH;CH*CH:C(CN>CX)8B, and 
cinnamylidenemalononitrile, Pb*CH:CH.CH:C(CN) 2 , respecti- 
vely; later it was shown by Meerwein {Anndlm, 1908, 358. 
71) that oinnamaldehyde condenses with methyl maloiv^ in 
the presence of a molecular proportion of sodium irethoxide 
to yield a saturated trimalono- compound which could reason- 
ably be represented as the double-addition -product ■( I ) of 

Ph-OH-OHa — CH.CH,.C02iI 

Ph.CHX*OH,.CHX.CH(COaR), ( 3 H 2 .CO 2 H 

(!•) (IV.) 

Ph.CH:OH.OHX.OH(CO,R)* .CHPh-0H2.^«„ nu 
(II.) ®“»<CO 

.CO*H 

Ph.0HX.CH;0H*0H(C02R), (V.) 

(Ill) Ph.CH2*CHX.CHX.CH(C02lit)* 

[X-OH(CO,Bt),] (VI.) 

einnamylidenemalonio ester, Ph.OH:OH*CH:C-( CO 2 K ; 2 . 
The tendency to the formation of this compound was so 
great that even when strictly molecular amounts of 
the reactants were employed it still appeared— mixed with 
unchanged cinnamaldehyde but unaccompanied by isolable 
amonnts of einnamylidenemalonio ester or either of the 

simple addition products thereof ( II and III ). The 

oonstitniion assigned to the saturated addition product 
-rested on its hydrolysis to a tribasio acid represented as 
(IV), which in turn was convertible by the action of 
sodinm on its ester, followed by hydrolysis, into a cyclic 
-keto-aoid represented as (V). 

^ Now the formation of a donble-addition product of this 
4EiBd could be explained by assuming the steps : (1) the 
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formation of ciOnamylidenemalonio eater, (2) the formation’ 
of anoc$*addition>product (III) which anbaeqnently^nffered 
/S/, ocj3.donble bond dieplaoement, and (3) the addition of 
another molecnle of malonic easter at the, ccj3'doable bond 
of the rasnltinK compound (compare Meerwein, loo, oil,, 
p. 338). The correctneae of this .view was, however, at 
least open to doabt, for althongh a simple ester*addition 
product of cinnamylidenemalonic ester had never 
been obtained t ( consequently the possibility of realising 
the postulated ocS-addition had not, been tested), yet 
there was evidence to show that in the paralled reaction 
with potassium cyanide the same conjugated ester yielded 
first an cicj3*addition product, Ph,CH:CH,OH;CN},CH(CO,Et)|, 
and then a saturated double*addition product representable as 
Ph,CH(CN),CH,.CH (CN),CH(C02Et)8 
(Thiele and Meisenheimer, Annalen, 1899, 306, 352). It the 
monoaddition product in the latter instance were indeed 
wholly of ocjS'type, then the representation of additive mode 
as determined by mobile ion tantomerism (of either type) in 
the simple manner envisaged above would become impossible 
of acceptance so far as ester addition is concerned. Althongh 
it is by no means certain from the published evidence that 
the ocj6.hydrocyanide referred to was nnaccompaoied by an 
isomeric ocS>product, or that the corresponding donble< 
addition product was unaccompanied by one or both forms 
of the mono-addition product, there was, however, another 
possibility to consider, viz., the formula reasonably assigned 
to the donbleaddition product was incorrect and <)ngbt to be 
replaced by the only alternative formula (VI) which could 
correspond with Meerwein’s observations A substance of 
this formula would of course give cycfopentanone- instead of 
cpclohexan one-derivatives on cyclisation, but its formation 
would be dependent on the occurrence of rearrangement of 

1 There ie litlle doubt that Enoevenagel and Herz’a alleged cinnam- 
ylideoeditnalonic ester, prepared by condeniation of ciDiiamardehyde md 
malonio eater in the presence of piperidine (Ber., 1904, 37, 4483), was 
aotuall^ cinnamylideaeipalQoio cstsi' (Meerwein, loe. eit., p. 336), 
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the firak'formed ocjS-addition prodnot whereby the malonio 
eater groap became transferred to the /-carbon atom. 


As the manner of hydrogen cyanide addition to cinnain- 
ylidenemalonio ester and other conjngated componnds was 
already under investigation in connexion with another Series 
of experiments, the anthors thought it advisable to examine 
the reactivity of orotonaldehyde towards malonic ester. The 
formation of orotonylidenemalonic ester under the condensing 
action of piperidine had been effected by fileerwein Qoc, ctf.), 
bnt the preparation of crotonylidene-tftmalonic ester ^TII) 
had not been accomplished. Farmer and Healey had nnsucc- 
essfnlly attempted to prepare the latter compound and the 
corresponding cyanoacetic ester addition product by addition 
to orotonylidenemalonic ester (J., 1927, 1065), and the 
present anthors in renewing these attempts have found that, 
although some condensation can be effected between croton- 
aldehyde and malonio ester in the presence of a few drops 
of sodinm ethoxide solntion, the prodnot is complex and 
cannot be satisfactorily fractionated; on the other hand, they 
have found that the interaction of the two Bnbstancos in the 
presence of a molecular proportion of sodinm ethoxide yields 
very readily an analogue (VIII) of Meerwein’s double-addition 
compound (I). The behaviour of this substance (which 
appeared to be quite from croton ylidenetftmalonio ester or 
its ocS-isomeride) paralleled that of Meerwein’s compound. 
It yielded by hydrolysis a tribasic acid (IX), and to some 
extent a oyolised derivative thereof. The latter compound 
(X) was also obtained by submitting the ester of (VIII) to the 
Dieckmann reaction and hydrolysing the solid ketonic ester 
BO obtained, to which- one of the formnlse (XI) and (XII) 
should apply. 


CH8.CH;CH.CHX.CH(C0,Et), OH3.CHX.CH,.CHX.CH(CO,Et), 
(VII.) (VIII) ; 

OH..CH.CH,_CH.CH,CO.H CHMe_CH.^ 

• CH,.CX),HCH,.CO,H * » 

, ( 5 ) _ 
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OHMe OHMe ' '• 

/ S , V N 

OH, OH, KMn 04 OH, XJH, 

(Xl) dp 6H.OH,qO,Et . .<k),HdH.OH,.00,Et 

^aopgSt. e^oOjEt 

OHMe 

/ \ 

{XU.) EtOjO-QHOHa , 

Ao dn^Ha^OaEt . 

1. . . . N / 

OH, 

[X-0H(00,Et),] 

Aotaally the former formhla was correct, since the Dieck* 
mann reaction product gave jS*metbylglataric acid and' oxalic 
acid as the final prodncts of oxidation with permanganate; 
it followed also from the fact that jd-miethylglntario acid' was 
Obtained that 'the formula (VI), as representing the original 
donblo'addition product, was finally confirmed, since the 
Dieckmann reaction product from (VII) should have yielded 
etbylsuccinio acid, , i * 

The formation cifithe saturated double-addition compound 
from crotonaldehyde and malpnic ester thus constitutes the 
third known example of this type of additive reaction. 
Preliminary experiments on the addition of malonio ester to 
sorbic ester in the presence of a molecular proportion of 
Bodhsm :etboxide indicate . that a saturated dohble-addition 
compound is formed in this ‘example also. It seems clear, 
therefore, that although reaction can proceed direct from 
aldehydb to double-addition product in one operation, it 
need not necessarily do so, but can start from the butadiene 
ester; in all oases, however, the employment of the sodium 
cnolate. of the addendum is necessary. It is a remarkable 
fact that in the formation of double-addition compounds 
from both cinnamylidene- and crotonylidenemalonio ester it 
has not been possible to arrest reaction at the stage interr 
me^te between the formation of the butadiene eater and ttfe 
ll 9 irbI(Mddition cpmpoi^d. (In a^ of the i^ui|ieirotlB a((d (7 



im] 


tiong to butadleno esters nnder "catalytic" conditions which 
have been slndidd, "reaction appears to cease afftbe stage o( 
simple addition). ' ‘ 

.The conditions and manner of formation of doifble* 
addition comppnnds will be further investigated,, but there is 
little donbt that radicdl^migration plays no part in their 
production. Therefore, since thereis no appearance that the 
proportions in which ocjS* and ocS>addition products are 
formed are pnrely fortnitouSr the experimental evidence in 
favour of butadienoid polarisatio^i ‘df a conjugative type is 
strengthened in direct proportion as the evidence of an 
anionotropic relationship between isomeric addition pro* 
ducts is weakened. 

ExPBRIHIINT AL. 

Oondsnsation of. Ethyls Malonaie with CvotonaJM.ydst'-rtfi) 
With a fradional mi^<ndar proporti^ of sodium ethoceids at 
0*. Condensation nnder these conditions proceeded to Some 
extent, but the condensation product was obviously not 
homogeneous and could not satisfactorily be resolved into 
itS'Component cotnpounds by fractional distillation. 

(b) FitA a mfdandar proportion of sodium othomdOi 
Freshly distilled crotonaldehyde (98 g,; 1 mol.) and ethyl 
.malonate (192 g.; 3 mols.) were mixed and cooled in a free- 
zing-mixture. A solution of sodium ethoxide (9>2 g. of 
sodium in 140 o. c. of absolute alcohol) was gradually added 
during 1 hour, the temperature not being allowed to rise. 
The solution, which had become yellow and viscous, was 
kept for 3 hours at room temperature and then diluted with 
a large quantity of water. The alkaline liquor was extracted 
with ether' to remove the neutral products of reaction: these 
consisted of unchanged ethyl malonate and a very small 
quantity (too small to allow of identification) of an oil, b..p.. 
140 — 1.10*/ 13 mm. The mother-liquor, after acidification 
with the calculated quantity of hydrochloric acid, yielded an 
acidic reaction product on extraction with ether.> This 
Hl^lbst^pce, pbi^ined as a oolpnrless viscous Uquid, .wofi 



'immediately hydrolysed by boiling with 35^ hydrocBloric 
aeid for 30 honrs. The acid obtained by extracting the 
prodnot with ether was a thick viscona oil which began to 
solidify after standing for some days' in a vacuum desiccator 
and became completely solid ofter being kept for 3 months 
with occasional scratching of the containing vessel and tri- 
turation with common organic solvents. In later experi- 
ments- it was found advantageous to esterify the hydrolysed 
product directly by dissolving it in alcohol and saturating 
th^solntion with dry hydrogen chloride; the oily prodnot 
obtained could then be easily separated into two compounds, 
(i) a colourless oil, b. p. 140*?/11 mm., and (ii' a colourless oil, 
b. p. 187—188^/11 min. The former of these was ^hyl 
y-methyldYcXohemn-^-om-fi-acetate, which was later obtained 
(see below) in a different way; it yielded a aemicarhasom 
(colourless prisms, m. p. 152*, from ethyl acetate. Found: 
C, 56.3: H, S2. CiaHjiOaN, requires C, 56-4; H, 8*3%). 
The latter compound was ethyl ^-methylpiimlate’^ •acetate 
(Found: 0, 61*0: H, 8.7. CiflHggOa requires C, 60.7; H, 8*9^), 
which yielded on hydrolysis with hydrochloric acid pure 
^■methylpimelic-ff acetic acid in almost quantitative yield. 'I'he 

acid was obtained in colourless cubes, m. p. 1.30o, after cry- 
stallising in turn from ether-petroleum and acetonenihloro- 
form (Found: equiv., 77. Calc: eqniv., 77.3), and from the 

acid the corresponding ' crude anhydride was obtained as a 
non-solidifiable liquid by boiling with acetyl chloride. By 
saturating an alcoholic solution of tbe acid with hydrogen 
chloride at 0*, ethyl j6‘'niethylpimelate-j8’*acetate was re- 
generated in very pure condition (Found: C, 60.5; H, 8.7%), 

, ' l-lfst/i2^icycloAea)an-3-ons.4-car&o»y2ate-5>a0efafs — 
Sodium' (6.2 g.) was pulverised under xylene, and tbe 
xylene replaced by benzene. To the suspension, ethyl 
j3-methylpimelate-j8’*acetate (42 g.) was added, and the mix- 
ture heated to 90* in an oil-bath. A vigorous reaction ensued 
which was completed by heating the product for 5 honrs at 
100*. The jelly-like sodium derivative was decomposed with 
lon^old 10% sulphuric acid, and the - derived ester extracted 
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The ether-bensene -liqaor, freed' {fe(nv>’>inatt 
.amount of acidic material by ahaking with aodinm oarbonate* 
was dried and distilled* It yielded pure «thyl l^et%foyolo- 
hexmp3-(m-i^‘carboxylcUe-i‘(j^ as a polonrlesB -oil, b. p. 
170— 172711 mm., which solidified after several days and 
.gave oolonrless needles, m. p. 47*, on recrystallisation from 
light petroleum (Fennfi; 0, 62*1; H, 8*3. C]4H,j,05 requires 
0, 62*2; H, &2^). Yield, 75%. No eemicarbazone of this 
strongly enolic substance oonld be obtained; the pAcnyfAycim. 
zona, crystallised froin alcohol in long needles, m^ pHrll* 
(Found; 0, 66*5; H. 7.8. 0aoH2aO4N» requires C< 66*6; H, 
1*8%* but decomposed on beeping. 

X’lfethylQyfilohefean-d-one-S-acetie Ethyl ' l-methyi> 

^cfohexan-3*one-4«oarboxylate>5*aoetate was boiled with equal 
yolnmes of alcohol, hydrochloric acid, and water for 3 hours, 

. the. free alcohol wm then expelled, and hydrolysis continued 
for 12 honrs^ The product was neutralised ‘ and, traces of 
. residnal neutral material were removed by ' extraction with 
^ ether. ■ From the alkaline liquor an oM was isolated which 
. solidified after distillation (b. p. 18579 mm.). This crystal- 
lised in long ooiourless needles, m. p. 77*, from petroleum 
.(Found; 0, 63*7; H, 8.1. C,Hi 40 , requires C, 63*5; H,8.2%)i 
•The corresponding aUver salt- was obtained as a white 
powder (Found; Ag, 39.1, OgHuOgAg requires Ag, 39*0%), 
the aamicarbazme separated from methyl alcohol as a white 
Oiystalline powder m. p, 218* (Found; 0, 52.6; H. 7*5. 
I'lo^itOa^a. fequkes C, 52.8; H, 7*5%); the ester obtained 

warming tbe silver salt with alcoholic, ethyl iodide, was a 
oolonrlsst'oii, p. i44*/13 'mm., obviously.. identioal .with 
the aBove-desctibe'd ethyl i-metbyicj/clohexan>3.6ne'5Wetate 
pound;C, 66i5; H, 9.1. OiiNigbi retires C, 66*6'; H, 9.15%), 
Since it i^ielded a semicarbazone, m. p. 152*, identical with 
that iir6viouBl:r'*irtrtained (Found; C, 56i3; H,. 8-3%). 

OseidaUon^ ,of Ethyl i-M^hytayQloheann-Z-one^i’Garboxylate* 
^zostote.T.-'l^o.an IccmioI^ suspension of the ester in Very 
dilute aqueous j oaustio potash, 3% permaingahate sqluifpn 



dqniyhlADt to 7 atoms of oxygen was slowly added, with 
fapld.stirringt The solution was kept over*night and then 
tho sma)! amount of residual pennahgan ate was reduced by 
addition of a little hydrogen peroxide. After removal of the 
manganese mud, the solution was concentrated, acidified, and 
extracted tHth ether; the residue left on evaporation of the 
mother-liquor to dryness was also extracted with ether. The 
first ethereal extract yielded a water-soluble oily acid, partial 
solidifiation of which set in after inoculation with a crystal 
of ^methylglntario acid. This solid portion was drained 
on a porous tile, and the dry solid extracted in turn 
with, benzene, ohioroform, and ether. The The benzene 
extract yielded crystals of jS-methylglntaric acid which 
filter ' recrystallising -in turn from benzene and ether- 
petroleum melted at 87^ and did not depress the melting 
point' <of an authentic sample of the acid. The chloroform 
contained an acid which was extremely difficnlt to recrystal- 
lise, but this on farther oxidation with permanganate yielded 
^methylglntario acid. The ethereal extract on concentra- 
tion deposited crystals of oxalic acid, but a much larger 
quantity of the same acid was obtained on evaporating the 

ethereal extract of the solid residue (above). It was found 
that'ohromic aoid yielded gummy oxidation products differ* 

ing greatly from those here described. 

' The authors desire to thank the Government Grant Com- 
mittee of the Royal Society . and the Chemical Society for 
^Uts which have defrayed a portion' of the cost of the 
investigation. 
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( legrlatcd (<H>ia the JmcuI of the Chemical Society, IMI. ) 

3pCX— Qtiinie Pkydque.— Coulemr et comportMnent 
f chim^pie danS; la aarie danamique. Note (t) 

Db Mms Raxabt^Luoas et M. Tbivsdi. 

L'nn de none a insista snr oe que le comportement ohlmi- 
que (4nergies et yitesses de reaction) d'*nn chromophorS, 
Innodiilt dans Un Carbnre satnre. doit 'changer en m^me 



tfiups qoe I’etat interne dn ohroinopbore, et par aiiifei en 
m^nie temps qne la oonlenr introdnite par oe ohromophoi^; 

snr oe qne, qnand cet etat interne roste le mSme (la coolenr 
etant done la mdire), lea energies de reaction dn chromophore 

A snr an antre gronpe B porte par nneantre molecnle doivent 
etre les m^mes. ainsi qne probablement lea vitesses de reao* 
tion (sanf gene sterique apportee eventnellement par enronle* 

ment dans le cas de tres longues obaines). En particnlier, 
pdisqne dans nne Serie homologne telle qne H. A, CH^ A, 
CH’. OH^. A, eto. la oonlenr ne change pratiqnement pins 
A partir dn troisieme terme (ce qui vent dire qne A eat de 

moins en moins altere par Tallongement de la chaine) le 
eomportoment ohimiqne, en oe qni regardo A, sera pratique* 

nqffiit le mgme A partir dn troisleme terme (3). Pins generale* 

ment et en abrege: qnand an ohroinophore A introdnit nne 
mdme oonlenr dans diverses molecules par aillenrs absoln* 

ntent qnelqonqnes, elle doit avoir meme oomportement chi* 
miqne par rapport A un gronpe B fixe ane one antre 

moleonle (’). 

Cos previsions se sont dejA tronvees verifiees dans la 
plnpart des series homolognes A ohaine normals ponr les 
reactions jusqn’ici etndieea: vitesse d’esterifioation des acides, 
de saponification des esters et des amides, vitesse de reaction 
des amines aveo I’iodnre d’allyle et aveo le malonate d’ethylet 
vitesse d’oximation des cetones CH*CO>(OH)‘CH, eto. 

Soit maintenant nne molecule possedant plusieura chromo' 
p^orea liia directementi A, B, 0, D; ila exeroent noe infinenoe 
mntnelle qqi oontribne de facon parfois trds- importante A 
ddterminer lenr Atat intdrienr. Si nous flxona an gronpe T 
snr A par exemple, I’Atat de oo dernier ohangera, il en 
resnltera one modification dn ((oonplage)) de A et B, par 
snite I’Atat intdrienr de B ne sera plns lemAme, ceqnianra 
poor oonsAquenoe nne variation dn (( oonplage )) de B et G, 
eto. En sorte qne I’on pent prAvoir qne rintrodnotion de T 

, (1) SAance dn ® novembre 1932. 

« (f) Ramart, Compfes rmdm, 194 . 1932, p. 726. • 

" (*) Mme Ramart, BuU, Soe. ehim., 4e sArie, 61 « 1332, p. 343, 
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tar A lAira poar effet non aeolement' de ohtnger l*dtat 
intdriear de 00 dernier, maia auBBi oelni des antrea cbromo* 
pboret. 

Conaiddrona I'aoide oinnamique C^H'^'CHsCHtOOOH on 
I’nn de aea ddrivdJ. D'aprda ce qni prdcade toute anbatUti- 
tion Bar I’an dea ohromophorea, qni anra pour effet d’en 
modifier I’dtat intdrienr, doit auaai changer Tabaorption et le 
oompprtement ohimiqae dea autrea pniaqd^ila a’iuflnenoent 
toaa mutaellement. Nona avona dtndid I’abaorptlon deax 
aoidw, eatera, amidea mdthyloiiinamiqaea et la r 6 activitd dea 
gronpea {onotionnela acide, amide, eater. Nona avona con- 
atatd qne I’introdaction aoit en position a, aoit en position 
jS'd’an gronpe GH’ (qni n’introdnit par InUmSme anonne, 
oodleur) change it' la foia notablement et I’abaorptiun de la 
moldonle et la r 6 activit^ da group fonotionnel : acide, ester 
on amide. 

Le spectre d'absorption do Tacide oinnamique (et de sea 
ddrivds ester, amide) est formd de deox fortes bandes: le 
maximum de la premiere est sited vers /(«268o -logz ^4,25, 
la soconde se prolongs dans rultraviolet plus lointain. 

L’expdrieqoe nous a montrd que si Ton compare I’absorp- 
tion dea ddrivds oinnamiques et celle de lenrs ddrivda 
mdthylds, on observe, pour ces derniers, 4 la foh one 
diminution de I’inlenaitd d’absorption et nn ddplacement des 
bandes vers I’ultravivlet. En sorte que la modification de 
ooulour se traduit par one diminution de Tabsorption 
gdndrale. Le phdnomdne s’accentue qnand on passe du ddrivd 
oinnamique H Toc-rndthyl puis au j 3 -mothyl et enfin an derive 
dimethylcinnamique. 

G’autro parti nous avous constatd que, pour tout ddrive 
mdthylcinnamique la rdactivitd ebimique est notablement 
plus faible qne celle du ddrivd non substitud corrospondant, 

Lea quantitds d’ester formdes en ebauffant lea aoidea avec 
de I’aloool absolu en tubes acellds (sms catalyseur)' pendant 
8 benrea 100 ” eont indiqudes dans la oolonne 1. Lea prff- 
porltops d’eaterct bydrolysds par chauffage en tubes 
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Mell^ i 100^ (pendant 4 benrea ponr lea premierfr et 4 
hearea et demie pour lea aecbnda) avoe de Talooel oontenaili 
0,05 moleoale de HOI an litre ae tronrent dana lea oolonnea 


II et III. ■ 



• (.P?Hr 100 d'aoide (Poiar 100 d’eater (Poar 100 d’am^ 

. IHriTte: 4th4rifi4). hydrolysi). , hydro’yi^). 

Hydrodnnamiqnea 22,09 47,64 . . 87,0 

OinUmlqoea 14,66 86,40 ^,10 


j3~^66tbyldiiiiemiqnai 12,18 36,0 ' 80,0 


cSc-Uithyldniwmiqiiea 9,37 88,0 29,4 


■i -4 

La dlfldrenee entre lea viteaaea de rjaodon tria notably 
ponr lea aoldea eat plna falble ponr lea eatera et anrtont ponr. 
lea amidea; maia ponr oea denx B^rioa^ la pr^aenoe de ^CI 
oomme oataljraenr pent modifier Tallnre dn pb^nom^ne. 


L’infinenoe paralyaante dn gronpe OH’ ' en > poaition |3 
a'ezpliqne par le fait qne oe radical modifie I’ltat interne du' 
SVonpe 0®H®»OH (on;aait qne 0®H®*OH «CH*, C®H®»Cs»0H9, 
6®H».OH-OH.OHa I 

OH* . 

n'ont; paa la mgme conlenr) et par anite raction mnt-. 
nolle qni a’ezeroe entre lea radioanz C®H®. CH^oh et OOOH 
(i’eater on I’am^e). Loraqne la anbatUntion a lien en oc ^nn^. 
effeta ae anperpoaent : I’nn d’enz conoeme la modification da 
C®H®. CH»OH laqnlle ae r4peronte anrOOOHet I’antre qni, 
provient dn oonplage dea gronpea OH* et COOH qni aont 
flx4a anr le mgme oarbone. 


En rdanmd : lea gronpea OH* 'qni par enz-mdmea 'aoni' 
inooloiea dana I'nltraviolet moyen et n’ont qn'nne tr^ fkible 
r4aotivit4 chimiqne modifient notablement it la foia la conlenr 
de la moldonle et la risaoiivitd obimiqne dea fonotiona acide,' 
aater, amide, lotaqn’ila aont inttodnita dana la chaine dea 
ddriy^a oinnamiqnea. 'i> ‘ 

* (Extralt dea Ceaiptea readai dea aeaacea de I* Acadeale dea Sckaieef 

t |9S«f . 78J, feapca da 7 aeveaibre 1911 ^ ^ . 
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XXXI*— Hie Frindples Underlying Aromatic Side* 
chain Reactivity from the Standpoint of the 
Electronic Theory of Valency. 

Bt Chbistofhbb Eelk Ibgold akd Cbatubbhai 
Ehanebbbuai Patel. 

1, Higtorioal : Prineijplea of Corrdaiion and Iwjorsion. 

Recent work on the effect of nnclear subatitnenta on 
reagllona in the aide*ohaina of benzene derivativea bad led to 
Beneraliaationa which pave the way to a theory of aromatic 
aide-chain reactivity cloaely linked with the modern theory 
of unclear aromatic anbatitution. 

Some time ago Olivier demonatrated the exiatence of a 
relation between nnclear and aide-chain reactivity, for the 
example of the latter repreaented by tho acid hydrolyaia of 
benzene chloridea (Rec. trav. chim., 1922, 41 . 301, 646; 1923, 
411, 516, 775): the velocities of hydrolyaia for three iaomers 
of ihe form R*OjH^*CH|Cl were found to be in the order 
0 , p>m or m>o, p, according aa R belonged to tho op- or 
m-orienting aeriea; and, moreover, the facilitating or retard- 
ing action of different gronpa R exhibited a cloae paralleliam 
to their inflnence on reactivity in ordinary nuclear anbatitn- 
tion. Similar relationshipa have since been established for 
several other side-chain transformations, including the con- 
densations of benzyl ohlorid'es with benzene in the presence 
of aluminium chloride, the saponification of benzoic esters, 
the addition of hydrogen anlphide to bcnzonitriles, and 
bromination in a methyl aide-chain (Olivier and Berger, 
tm, 1926, 45 . 710; 1927,46,605; Eindler, Annalen, 1926, 
450 . 1; Ingold and Rothstein, J. Chem. Soc., 1928, 1217). 

It is known, however, that there is another group of 
aide-chain reactions for which the above relations become to 
a large extent inverted. Lapwortb, Shoesmith and others 
baye fouRd (J. Cftam. So<?., 1922, 1391; 1924, 1312, 2278; 1926, 
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214) thikt the two (ironpB of nuclear 'snbstitnente for which 
the ease of acid hydrolysis of isomeric beiizyl halides are 
respectively in the order o, and m>o, p, becoipe intere 
changed (with the exception of chlorine and bromine — see 
Section 6) when the reaction stndied is the rednction of 
benzyl bromides with hydriodic acids; indications of a 
similar phenomenon are apparent in the work of Franzen 
and Itosenberg {J. pr. Chem., 1920, ii, 101, St’iS) on the alkaline 
alcoholysis of benzyl halides; and Tasman has shown (Rec. 
trav, chim., 1927, 46« 653) that the effect of different naelear 
snbstitnents on the velocity of alkaline hydrolysis of phtha> 
lides rnns antiparallel to their inflnonce on reactivity in the 
side-chain transformations mentioned in the preceding para- 
graph. A farther clear illustration is available in the work 
of Conant, Kirner and Hussey {J. Amer. Chem, Soc., 1925, 47i 
448), and especially in that of Bennett and Berry {J. Chem, 
8oc., 1927, 1676) on the conversion of benzyl chlorides into 
corresponding iodides. Obviously the two groups of side- 
chain reactions are in some fundamental respect the inverse 
of each other, and this circumstance is of course, at the basis 
of the successful application by Lapworth and Shoesmith 
of the principles of alternate polarities to most of the 
examples studied by them. 

2 GlassifiocMon of Stde-chain Beofitione 

The view here under development incorporates the above 
analogies and conclusions, and starts from the classification 
of side-chain transformations given by Ingold and Rothstein 
{Ann. Reports, Chem, Soc., 1927, 24. 155; J. Chem, Sm., 1928, 
1217). These reactions are divided into two main categories 
according to whether (type A) an influx of electrons from 
the nuclens towards the side-chain, or (type B) a recession of 
electrons from the side-chain towards the nncles, ' facilitates 
the change. The influx of electrons which assist s reactions 
•f typo A may be required either to liberate or partly 
liberate a portion of the side-chain which carries, all its 
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eleotrons' with it (type A|^) or to attract towards the side* 
chain an electron-seeking reagent (type A|\ Similarly, the 
electron-recession which facilitates reactions of typo B may 
assist either the. partial or complete liberation of a gronp 
which abandons a previously shared electron-pair (type B^), 
or the electrostriction of a basic (positive-centre-seeking) 
reagent (type B|). The following table contains some 
examples. 


Tyfc. 


Example. 


Facilitated process. ' 


Ai 

. I 




A 2 

B, 




Thermal fission of benzylammo- 
nium hydroxides 

Acid hydrolysis of benzyl 
chloride ... 

Addition of H,S to benzonitrile 

Side-chain bromination of toluene 

Reduction of benzyl bromide by 
ii-I ... ... ... ... 


Ph-^Ch2*“NR3 •(- 
Ph^CH,-Cl 

Ph->Cx=. N 

8 + 8 - 

Ph->CH 3 ...Br.Br 

s 

■I 

Ph«-CH,^Br...I.H 


Alkaline alcoholysis of benzyl — 

chloride ... Ph«-CH,01...0Et 

Conversion of benzyl chloride — 

into iodide ... ' Ph<-CH,Gl...l 


It should be stated that, in the absence of data relating to 
the influence of nuclear substitution of velocity, the preli- 
minary assignment of a side-chain reaction to its proper class 
is one of the main practical difficulties in the application of 
the theory, and that although an analysis of the circumst- 
ances of the reaction and of the type of reactivity normally 
characteristic bf the aromatic compound and reagent is 
always valuable as a guide, it frecjuently fails to do mor% 
than indicate a probable allocation. In general, two separate 
points ^’eqnire consideration: first, a decision is required 



between two alternative possible meobanisinB, which arS 
nsnally related much as are those of the second and sixth of 
the above examples; secondly, it must be decided which 
phase of the actual mechanism controls the speed, although 
naturally, if intermediate forma are not present in appreci* 
able concentration, the rate-controlling phase is necessarily 
the initial one. The utility in connection with this part of 
the problem, of data relating to the influence ol nuclear 
substitution on side-chain reactivity can immediately be 
made apparent without reference to the less superficial points 
which arise in the adaptation of the theory of nuclear 
aromatic snbstitution to sido-chain reactions. Facilitation by 
a uniquely electron-repelling group (e. g.,p-Me) and retarda- 
tion by a uniquely electron-attracting group (e. g., p-NO,) is 
diagnostic of reactions of type A, whilst the inverse of these 
effects characterises reactions of type B. Further-more, it is 
possible to detect complications due to simultaneous member- 
ship of both types,>-a condition which may arise from two 
main causes; either the side-chain reaction may proceed by 
two contemporaneous mechanisms, one belonging to each 
typo, or its single route may involve two rate-affecting 
phases, one of each type. If there are two simultaneous 
reactions the speeds corresponding with a reries of nuclear 
substituents taken in order of decreasing electron-release and 
increasing electron-restraint should pass through a single 
minimum, because at both extremes of the series the accelera- 
tion of one mechanism will mask the retardation of the 
other; possible examples of this effect are provided by 
Pranzen and Rosenberg’s experiments and by Berger and 
Olivier’s investigation of the hydrolysis of benzoyl chlorides 
(Bee. trav, chim., 1927, 46, 51G; compare Ann, S^ports, Chem. 
Bee., 1927, 24, 157). If a single mechanism requires both 
electron-absorption and release, the velocities should pass 
through a single maximum, since at both ends of the seridS 
fUe retardation of one phase will mask the acceleration of the 
other; it bas been suggested (Ann. B^t$, Ohm, Soe, 1928. 
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2St 1-47), on the basis ot Lapworth and Manske’s investiga* 
tions (J, Chem, Soc., 1928, 25H3) that such conditions obtain 
in the formation of cyanohydrins from beuzaldehydes. The 
matter is considered farther in Section 7. 

(8) Reaetions Requiring ESieotron-rdeaae. 

A transformation having been assigned to type A, the 
modern theory of ordinary nuclear benzene snstitntion (for 
summary see Rec. trav, chim, 1929, 48, 799), in which it is 
im^icit that the substituting agents require available electrons 
at the focus of reaction, may be applied. Adaptation is 
necessary, however, in order to allow for the circumstance 
that the effects of nuclear substituents have to traverse not 
only the nuclens, but also part of the side-chain in order to 
reach the region of reaction. It may be recalled that Ingold 
and Shaw (J. Chem. Soc., 1927, 2918) have shown how the 
el«otron>availability at a nuclear carbon atom in a mono- 
substituted benzene is modified by (a) the nature, and (b) the 
orientation, of the substituent. As to (a),. ..groups were 
divided into four categories, according to their electron- 
affinities relatively to that of tho hydrogen atom they replace, 
and according to whether or not the groups possess unshared 
valency electrons, the presence of which wonld enable 
negative charges to appear in the nucleus as a result of 
tautomeric transformation. As to (i^),— it was found, when the 
mode of propagation of effects originating in these causes 
was considered, that whereas the permanent electron- 
affinity of the group increases or decreases the electron- 
availability of the 0 - and i^-oarbon atom strongly, and affects 
the m-carbon atoms in tho same sense but to a smaller extent 
(inductive effect,^:/), the existence of a mechanism whereby 
an electromeric charge- transfer can occur when stimulated 
by an electron -demanding reagent augments the effective 
electron-availability of the o- and p-carbon atoms, but is 
without sensible effect on the m-oarbon atoms (tantomesio 
effect following table of examples is intended to 

80 
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facilitate the application of these principles. The special'- 
modification which it is necessary to introduce in applying 
them to sidC'Chain reactions of type A are two-fold. First, 
owing to the small displaceability of the electrons in a single 
linking, selectively heavy damping accompanies the trans- 
mission of the tantomeric efilect through side-chain single- 
linkings to the point of reaction (compare Goss, Ingold and 
Wilson, J. Chem. Soc., 1926, 2443; also Bcc. trav. chim,, 1929, 
48 , 804). Secondly, for a reason explained below, the 
tantomeric effects should, with additional damping in the 
nucleus, atfect reactivity in n?-side-chains. 

CUtBtification A of Hudea/r Sv^ibuenU- 

{-|-/,' 0 ip->m-actlvation. — ./, op->m-de-activation! 

+ T, op-activation). 

Group No. Mechanim. Excmpks. 

1. +I «-R •Me, .CMeg 

2. — / ->R .CO,H, .COMe, SO,R, -NO,, -NMeg 

'Ir + + 

3 ^ 1"^^ 'OMe, 'Hals, -NO, •SOB, SMe^ijIFh 

V 'i' — 

4. — r t 

A comprehensive exemplification of this part of the 
general theory, which, it will be seen, incorporates the 
equivalent of Olivier’s correlation principle, can be found in 
the work of Olivier, Berger, Eindler, Lapworth, Shoesmith 
and others already referred to (Section 1), and detailed 
allusion may be omitted. Further consideration may, 
however, appropriately be given to the two special circum- 
stances (above) which complicate the analogy between 
n'holear and side-chain reactivity, since these determine the 
liiffitations affecting the validity of Olivier’s correlation 
principle within the field to which it was intended to apply. 
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4 . LimibUionB of Hho Corrdation Principle. 

. The effect of selective damping in the side-chain may 
first be considered. In group 3 of the above classification of 
substituents, the inductive and tautomeric effects work in 
opposite directions, and everything depends, therefore, on 
the relative importance, so far at least as concerns op-nuclear 
reactivity and type-A reactivity in op-sido-chains. The 
inductive effect results in de-activation, to an extent depend- 
ing^on the eleotron-afBnity of the group; the tautomeric 
effect leads to activation, in proportion to the tendency of 
the unshared electrons to become shared, that is, to the 
basicity of the group. Now the electron-affinity of the 
halogens in the neutral state is pronounced (compare stabi- 
lity of the halide ions), but iodine differs from the others in 
possessing considerable basicity (compare stability of iodi- 
ninm ions); and in nuclear substitution (nitration) it has 
been found (Ingold and Shaw, loc. cit.) that for iodine, the 
.tautomeric effect predominates, this element belonging to the 
op-activating section of the group-3 substituents, whilst, for 
the other halogens, the inductive effect has main importance, 
and these belong to the de-activating series. In type-A side- 
chain reactions, on the other hand, the tautomeric effect of 
iodine, presumably owing to selective damping, no longer 
outweighs the inductive, and this element ranges itself with 
the other halogens as a de-activating substituent. It will be 
seen that the iodine substituent qualitatively violates Olivier’s 
correlation principle, and that the broader theory naturally 
accommodates the apparent anomaly. 

Before exemplifying tautomeric polar influence on reac- 
tivity in a m-sid e-chain, a few words of explanation are 
desirable with regard to the theoretical inference that such 
effects should bo perceptible. It will be readily understood 
bow, in nuclear substitution, in which the' reagent normally 
has the choice of exciting and thereafter utilising, tke 
(antomerio effect in those positions (o-ind p-) in which they^ 
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are primarily, and hence most easily, stimulated, the orien- 
tation process is largely self-definitive, — the reagent becom- 
ing more and more irrevocably committed to o- or p-attack 
dnring its approach, from the moment when it began to 
exert electrical action on the aromatic molecnle until 
union is definitely accomplished; thus it is that the 
+ IT-effect (unlike the -f- /-effect which is a permanent pro- 
perty of the aromatic molecnle) never leads to* appreciable 
m-snbstitntion. On the other hand, a reagent attacking a 
m-side-chain has no alternative method of utilising an exist- 
ing mechanism for tautomeric electron displacement within 
the nucleus than that of allowing the final stages of transmis- 
sion of the effect of such displacements to proceed to the 
point of reaction by ordinary induction; and thus a sub- 
stituent should, by its tautomeric, as well as by its inductive, 
effect, infiuence reactivity in m-side-cbains, although natur- 
ally to a less degree than were the side-chains otherwise 
situated. It is possible to perceive the operation of this 
principle in several recorded observations on side-chain 
reactions, but all are rendered more or less complicated by 
the simultaneous presence of the inductive effect, the relay 
of which to the m-position is not peculiar to side-chain 
reactions. In the experimental part of this paper, however, 
we show that a m-phenyl eubstitnent appreciably increases 
the speed of acid hydrolysis of benzyl bromide. Now phenyl 
(a form of substituted vinyl) is a substituent of group 4 in 
the above classification, but its inductive effect is negligibly 
small; in diphenyl itself it is not merely small, but is zero, 
both from symmetry and from the determined zero dipole 
moment of this hydrocarbon. The strong Disorienting action 
of phenyl is, of course, a manifestation of its tautomeric 
effect. Therefore, since in the phenyl -substituted benzyl 
bromide the tautomeric effect alone is under ol^servation, the 
experiments referred to definitely confirm the anticipated 
csiuse of failure here considered of the simple apalog^ with 
pn^leair substitution, 
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6 . Beaotiona B$quinng Eleoiron^eatrawU. 

For side-chain reactions known to belong to type B, the 
procedure corresponding to that described above, utilises, not 
the analogy of ordinary nuclear substitution, that is the repl- 
acement of nuclear hydrogen by the action of negative-cen- 
treseeking reagents, but the analogy furnished by aromatic 
substitution reactions in which the replacement of electro- 
negative elements such as chlorine is effected by the 
att|pk of positive-oentre-seeking (basic) reagents. The 
theory of this kind of aromatic substitution has not yet been 
greatly developed, but it has been outlined (Ingold, JRer. trav. 
ehim,, 1929, 48i 809); and the main features are, first, that 
the manifestations of the inductive effect become reversed in 
sign, +/ representing deactivation and — I representing de- 
activation and — /, activation, although their nuclear distri- 
bution, op>m, remains as before; and second, that whilst the 
tautomeric effect -f- 7 is not stimulated by the reagents now 
under consideration an op-activating tautomeric effect — T, 
depending on oc/S-unsatnration in the orienting substituent, 
is rendered operative by such reagents, since this structural 
feature permits the appearance in the nucleus of positive 
charges by electromeric transfer. This scheme of classifica- 
tion, which is illustrated in the table below, will also apply 
to side-chain reactions of type B, after introduction of quali- 
fications.' similar to those mentioned in section 3, relating to 
the diminished relative importance of the tautomeric effect, 
and the ability of this effect to penetrate a m-side-ebain. 

Classification B of Nuclear Substitumte. 


(-)•/, op— >m-de-activating. +1, op— >m-activatiDg, 
op- activating.) 


Orottp No. 


1 . 


. 


ifgehanism 


N 

I 


N 

I 


<-R 

-»R 


Examples. 

Me, GMe^', 0 

+ 

Rais., NMe^ 


+/ 
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3, -/-T I 4— K CO.H, NO, NO,, ON 

4. +1-2’ I CR:CR’R”. 

On comparing this scheme with that mentioned in Section 
3, it becomes evident that, owing to the radically altered 
nature oC the tantomeric effect, the influence of groups on 
the kinds of nuclear substitution now considered is far from 
being uniformiy the inverse of their influence on reactivity 
in the replacement of nuclear hydrogen. On the other hand, 
in sidO'Chain transformations, the diminished importance of 
the tautomeric effect, leads to a certain simplification of the 
theory, inasmuch as it renders the modifying influence of 
groups on type-B reactivity more nearly the uniform inverse 
of their effect on reactivity in changes of type*A. In short, 
a fairly consistent inversion of the kind indicated is to be 
expected, and It is on this basis that the theory accommodates 
the series of relations formerly elucidated by the principle 
of alternate polarities. Ample illustration of this matter is 
to be found in the work of Oliver, Tasman, Lapworth, 
Shoesmith, Oonant, Bennett and others already mentioned 
(Section 1); at the present stage more interest attaches to 
expected departures from exact inversion. This is discussed 
in the next Section, but it is appropriate to mention here 
that the appended experimental record contains a proof, on 
similar lines to those indicated in Section 4, that the kind 
of tautomeric effect which is specially characteristic of 
side>chain reaction of type B, can influence reactivity in a 
m>8ide>chain, 

6. Limitatiom of the Inversion Principle, 

Failure of the inversion rule is to be expected amongst 
groups which are associated with a powerful tautomeric 
•.(or weak inductive) effect, and at the same time fulfil one of 
^wp conditions relating; to clajfisifioation, These ponditipns arp 



(1) that the groap ahall belong to group 3 of olassifioation 
A and also to either of groups 2 or 3 of classification B, and 

(2) that it shall belong to either of groups 1 or 4 of the 
A-classification, and also to group 4 of the B-classification. 

An illustration is furnished by the anomalous behaviour 
of chlorine and bromine mentioned in Section 1. These 
substituents fulfil the first of the above alternative classi- 
ficatory conditions since they belong to group 3 of the type- 
A scheme, and group 2 of the type-B scheme. In nuclear 
substitution they are in the peculiar position of being de- 
activating but op-orienting: that is, their inductive effect (-/) 
depresses reactivity throughout the nucleus, the m-positions 
included, whilst their tautomeric effect (+^) restores activity 
to the op-positions only, raising them above the standard of 
reactivity set by the de-activated m-position (op-orientation) 
but not up to the standard represented by unsnbstitnted 
benzene (de-activation). In the acid hydrolysis of the chloro 
and bromo-benzyl bromides (type-A reaction) these pheno- 
mena qualitatively repeat themselves: the substituted comp- 
ounds are all hydrolysed more slowly than benzyl bromide, 
but the isomerides amongst themselves stand in the order 
op>m as regards their rates of reaction. Turning to the 
reduction of these compounds (type-B reaction), the tautomeric 
effect {+T)ot the nuclear substituents should be inoperative 
and their inductive effect (-/) should activate in all positions 
in the normal order, op>m; and this is what happens. In 
short, when the substituted compounds are compared with 
the unsubstituted parent the inversion rule holds, but when 
the substituted isomerides are compared amongst themselves 
the inversion rule fails. The anomaly, although inconsistent 
vrith any sipaple alternating principle, is thus naturally 
accommodated by the view here developed. 

In the appended experimental record will be found an 
Instance illustrating the even more complete failure of the* 
Inversion principle. The nuclear substituent was chosen to 



falfil the second of the two aiternatiTe olassificatory condi- 
tions, and iu selecting it we had in mind, not only the 
further theoretical requirement that its inductive effect 
should be relatively small, but also the practical one that it 
should be inert towards the reagents employed. The latter 
condition ruled out many forms of the substituted vinyl 
group which otherwise would have been suitable. On the 
other hand, phenyl is a group which possesses the necessary 
stability and has the added advantage that its inductive effect 
is entirely negligible. The influence of the nuclear phenyl 
substituent on certain side-chain transformations was there- 
fore investigated, and following precedent, we utilised the 
acid hydrolysis of benzyl bromides as representative of 
side-chain reactions of type-A, whilst reduction of the same 
compounds with hydriodio acid served to exemplify the 
reactions of type-B. We are able to show, first that the 
introduction of a phenyl group into either the m-or p-position 
of benzyl bromide enhances both the velocity of hydrolysis 
and that of reduction, and secondly, that, as regards the 
relative reactivities of isomerides, the m- and p-componnds 
retain the same order, namely p>m, for both reactions. The 
inverdon principle thus fails on both counts, and it is clear 

that, as theoretically anticipated, whilst the phenyl group has 
the ability to generate tautomeric electron-displacements in 

either sense, the direction of the displacements actually 
stimulated in a given case depend on the necessities of the 
attacking reagent. Incidentally it may be noted that this is 
exactly the result which is needed to reconcile the observed 
effects of phenyl in another field of investigation, in which 
It has found that this group can excite mobility in attached 
tautomeric systems, not only when the displaceable atom is 
released as a cation ( e, g., H,-“ prototropy ”) but also when it 
migrates as an anion ( s.g. Br.,- " anionotropy ” ]; these 
observations necessitate the assumption of electron-absorption 
or-release by phenyl according to the electrical requirements 
o2 the hind of tautomerism involved ( Burton, Ingold and 
Shoppee, J. Ohm. 80c., 1928, 901, 1650i>1929, 147 1199 



?. tteacHont Beqairvng £{ec<^ a6t<>rpti<>»an(2 Bdecut. 

It is necessary to refer once more to the classification 
of sidO'Chain reactions which forms the starting point of the 
considerations here presented. The classification assumed 
that side*chain reactions depend on a preliminary dissociation 
or association, in the course of which an electric charge, 
appearing in the side>chain leads to consequential electrical 
adjnstmeuts as between the side-chain, the nuolens and any 
sn^stitnents attached thereto. When several aromatic nndei 
possess a common side-chain a counterpart to these assumed, 
transient dissoacitions can be found in directly demonstrable 
ionic equilibria in which the charged components have 
considerable life ( e. g.. Phg C'E and Pb 3 O Cl in ionising 
Solvents ): but, under the same structural conditions, another 
type of dissociation also becomes directly observable, in 
which the separable components apparently bear no charge 
( i. e., Phg C 2 2 Phg 0 in non-ionising< solvents ). A. 
theory of side-chain reactivity obviously cannot be general 
unless it includes recognition of this type of dissociation also, 
not only when it is pronounced as in the chemistry of free 
radicals, but also in any of its more ephemeral manifestati- 
ons, should these arise in other circumstances. The 
conditions leading to the stability of free radicals have been 
considered by Burton and Ingold Proc. Tjeedn Phil. Soc., 1929 
1, 421 ) whose conclusions, in so far as they affect the 
question under discussion, may be summarised as follows: 
The side-chain of a free radical, although neutral, may be 
regarded as initially unsaturated, with respect to both 
negative and positive electricity, because it requires to gain 
or lose an electron in order to complete its duplets ( achieve 
spin-symmetry), and to lose or gain an electronic charge in 
order to recover the neutrality which the completion of the 
duplets would destroy. Now if this interpretation of the 
electrostatic condition of free radicals is correct, then the 
essential condition for promoting dissociation into neutral 
31 
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fiomponehts is the possibility ot dujfiex eleotrioai retAdjaBi" 
ments; and if this aotnally is the case, a general provision tor 
aide-chain reaction depending on snch a mechanism has 
already been made ( altbongh not hitherto explicitly ) in the 
foregoing statement of the theory, inasmuch as reactions have 
been envisaged which are characterised by the inclusion 
within a single mechanism of “ phases ” ( which need not 
necessarily be stages in the sense implying separation in time) 
respectively dependent on electron-absorption and 
release. Some justification for contemplating snch a category 
of 8ide>reactions is to be found in the fact that the inferred 
practical criterion relating to the effect of nuclear substituents 
has been experimentally encountered ( Section 2 ) bnt the 
investigation referred to did not include a study of the 
phenyl substituent, the duplex tautomeric effect of which 
should place it in a highly peculiar position with respect to 
such reactions. Inthis conclusion one may perceive a reason 
why the sufficient accumulation of phenyl, or other aryl 
groups possessing a common side-chain constitutes almost 
the only known structural condition for the 'realisation of 
considerable dissociation into neutral components; further- 
more the obvious corollary that the Introduction of phenyl 
substituents into any positions (but especially into the o-or 
p-positions) of the aromatic nuclei bearing the side-chain 
should increase such dissociation is confirmed, so far as 
substitution in the p-position is concerned by Schienk's 
well-known work on free radicals containing the p-diphe- 
nylyl group. Apart from the p-diphenylyl, however, other 
polynuclear aryl groups are known markedly to facilitate 
dissociation into radicals, and since the order of the relative 
intensities with which they do so is also known, a simple 
test of the whole matter can be made. 

The work of Sohlenk and Oomberg and their collaborators 
{AnnaUn, 1910, 372. 1; J. Amer. Ohm. Soc., 1917. 39, 1652| 
1922, 44i 1829) establishes the sequence— 
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oc-naphthyl>j8-naphtbyl>j}-diphenyly]>phenyl 
for the ability of these groups to promote dissociation into 
neutral radicals. If this sequence is to be interpreted as 
representing capacity for the duplex electrical readjustments 
reffered .to above, then the same aeries should represent 
in addition, firstly, the order in which the groups facilitate 
side-chain reactions involving dissociations dependent on 
electron-release (reactions of sub-type Ai),*and secondly, the 
relative facilitation by tbe groups of side-chain transform- 
ations dependjsnt on dissociations demanding electron-restraint 
(reactions of sub-type Hi). The reactions we have studied 
belong respectively to these sub-types; and for both reactions 
we find a sequence identical with the above : 

oc-naphthyl>j8-naphthyl>p-diphenylyl>>n.diphenylyl>phenyl 

. It is scarcely necessary to add that completeness is not clai- 
med for theoretical treatment here outlined. In particular, 
separate discussion is required regarding two other structural 
influences, namely, those due to external molecular electric 
fields, and to steric factors, which become of considerable 
importance in certain cases of.o-substitntion. 

Expbbimental, 

1. PrepohraJtion of Aryl Methyl Bromides. 

lUBromomethyldiphenyl, — 3-Metbyldipbenyl was prepared 
by a method identical in principle with that of Perrier {Bull, 
See. C/iiw., 1892, [3], 7, 181) and purified by alternate frac- 
tionation (column) and freezing. Bromination was effected 
by leading dry bromine (10% excess) into the hydrocarbon at 
20(P (bath temperature) and fractionating the product. The 
pale yellow oil, b. p. 150”/ 15 mm., consisted essentially of 
3-bromometbyldiphenyl contaminated by an inert impurity 
not containing side-chain bromine. Therefore, as prelimi- 
nary to the quantitative work described below, the percent? 
age purity of each sample was determined by treatment with 
dleoholic trimetbylqipine and estimation of the ionic broipine 
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khna formed. m-Phenylbemyltrimethylammoniuin picrate, 
obtained by addition of aqneons aodium picrate to a aolntion 
of the quaternary ammonium bromide prepared in this way. 
aeparated from aqueous alcohol in rhombic plates, m. p. 
152*, (Found: C. 58-2; H, 4-79. 023H220»N4 requires C, 58.15; 
H, 4.85 per cent.). 

i-Bromomethyldiphmyl. .—4-Methyldi phenyl was prepared 
(compare. Carnelly, J. Ghem. Soc., 1876, 29, 13), purified, and 
brominated aa in the former example, and the bromination 
product fractionated. The portion, b. p. 130-140*/10 min., 
which solidified on cooling, yielded i-bromomethyldiphenyl 
as pearly leaflets, m.p. 82^ on crystallising from a mixture 
of ether and ligroin below 0”. (Found: C, 63.3; H, 4.36#- 
requires C, 6.3.2; H, 4.45 per cent.). The substance 
gave the theoretical proportion of bromide ion when treated 
with trimethylamine by the method illustrated for the 
•moompound and the quaternary ammonium bromide solu- 
tion, when treated with aqueous sodium picrate, yielded 
p.phenylbemyUritnethylammonium picrate, which crystallised 
from aqueous alcohol, in rhombic plates, m.p. 179*. (Found: 
C, 57.9; H, .5.11. C 22 H 220 rN 4 requires 0, 58.15; H, 4.85 per 
cent.). The less volatile portion of the bromination product 
on crystallisation from alcohol, with use of charcoal, yielded 
a yellow microcrystalline powder, m. p. 129*. Analysis 
showed this to be a dibromo-i^methyldiphmyl. ( Found : C, 
48.0; H, 3.32. C 13 H 10 Br 2 requires C, 48.1; H, 3.07 per cent ). 
Except that its stability to boiling alcohol indicates that both 
bromine atoms are attached to the uncleus, there is no evide* 
noe of their orientation, but the most probable positions would 
appear to be the 2 : 4’-posilions. 

oc--BromorMthylnaphtTMlene.—’T\aA was prepared as desc- 
ribed by Sebmidlin and Massini ( Ber„ 1909, 42 2389 ), but 
we confirm Shoesmith and Bubli's statement ( J. Chem, Soe, 
1927, 3098 ) that it is a crystalline solid, m. p. 53*. 

^ ^~Bromomthylmphthalem.--’VhQ compound, which bad 
the properties re<jorded b jr SchuU? ( Ber., 1884, 1529 ), 



t845] 

was prepared by his method, except that the temperatnre 
during bromination was maintained at 200^ 

2. Hydrdyns of Aryl Moffiyl Bromidea. 

General Method . — Weighed quantities ( about 0>08g. ) of 
the bromide, each dissolved in 100 c. o. of 90% aqueous 
alcohol, were kept in a thermostat at 24** for various measured 
periods of time and the liberated hydrobromio acid titrated 
with oarbonate>free sodium hydroxide. Usually from 
20*45% of the complete reaction was followed in this way 
and the velocity coefficients were then calculated from each 
observation by means of the formula h =(1/0 x]ogxoOl(fl ~ to), 
the units of time being minutes. 

Preliminary experiments with /S*bromomethylnaphthalene 
in which the reaction was followed nearly to completion 
showed that its course substantially conforms to the unimol- 
ecnlar law although the calculated coefficients tends to fall 
slightly near the end of the process. 

i2esu{f9._-These are summarised in the following table, in 
which the second set [of determinations relating to j3-brom- 
omethylnaphthalene is included to show that the disturbance 
associated with the " tail ” of the reaction is without influ- 
ence on the velocity coefficients recorded for the first 20-45% 
of hydrolysis, since, even if as much as 80% of the change is 
followed, the mean coefficient remains substantially the 
same . 

Sabstaaoe Number of Percentage of Calc, k x 10* 


hydrolysed. obserTatioos. 

reaction followed. 

A 


Benzyl bromide 

3 

20-7 

Mini- 

mum. 

76 

Maxi- 

mum. 

79 

Mean. 

78 

S-^Bromometbyl. 

diphenyl. 

6 

34*3 

138 

154 

146 

4-Bromom6thyl- 

diphenyl. 

8 

37'6 

158 

173 

165 

jg-Bromomethyl- 

naphthalene. 

5 

453 

170 

192 

184 

IS 

10 

81‘5 

177 

195 

186 

oc-Bromomethyl- 

nap^thalen^. 

§ ' 

' 40^7 

203 

227 

220 
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The relative values of the coeffloients obtained for oc>and 
jS'bromomethylnapbthalene are consistent 'with Shoesmitb 
and Rnbli’s observations on these enbetances (loc. eit,), 

3 Sedtustion of Aryl M^yl Br<mide$, 

General Method. — (a) Weighed quantities of each bromide 
(about 0>15 g.) were reduced for 1 or 2 liours at 100^ in 10 c. c. 
of a solution prepared from coustant-boiling hydriodio acid 
( 1 vol. ) and glacial acetic acid ( 10 vols. ), and the liberated 
iodine estimated as usual. Simultaneously with each expert 
ment a control was perfomed in which all conditions were 
maintained the same, except for the omission of the bromide, 
the object being to eliminate error arising from the liberation 
of iodine by atmospheric attack. 

(1) Weighed quantities (about 0.3 g.) of those bromides 
which were found to be reduced nearly completely under the 
conditions of method (a) were each reduced at 66* for 6 or 15 
hours with 10 o. c. of a solution prepared by making 1 vol. 
of constant-boiling hydriodio acid up to 5 vole, with glacial 
acetic acid. The remainder of the experiment, and the 
controls, were carried out as above. 

ReauU8,^TheBe are recorded in the following table, the 
footnote to which illustrates the degree of consistanoy of 
individual experiments. 

Percentage reduction. 

Substance reduced. . a. , 

Method (a) Method (i) 

1 hour. 2houis. 6 hours. 16 hours, 


Benzyl bromide 

— 

32* 

— 

— 

3«Bromomethyl-diphc nyl. 

26 

43 

— 

— ■ 

4*Bromomethyl*dipheDyl. 

36 

67 

— 

— 

jS«Bromomethyl*naphihaleoe. 

96 

99 

23 

41 

oc -Bromomethyl naphthalene. 

96 

99 

36 

50 


* ^Individual values :{.32, 84, 30, 30*6^). 



!]^he rddalts for the 'bromomathylnaphthalenes are not tn 
good agreement with those obtained by Shoeamith and Bnbli 
( he. dt . ) 

Summary. 

A theory of aromatic side>chain reactivity^ linking this 
subject on the one hand with nnclear aromatic snbstitntion 
and on the other with pare radical chemistry, is advanced 
and sapported by observations on the reactivity in hydrogen 
and redaction of polynuclear analogoues of benzyl bromide. 

&ae of ns (0. S. P.) desires here to acknowledge his iadeb* 
tedness to the (voverament of H. H. the Maharaja Gaekwar of 
Baroda for granting to him a period of stady-leave daring 
which this investigation has been carried oat. 

( Reprinted from the Jonroai of the Indian Chemical Society. 

Vol. VII. Issue. No. I. ) 

The VmvertUy, Leedt. 

XXXII— The Influence of Subatitaenta on the 
Mercuration of Coumarina. 

By SuniBJi G. Naik and Aubaul D. Patel. 

Mercnry acetamide, which has been used as amercarating 
agent for compounds containing a reactive methylene group 
(Naik and Shah, J. Indian Chem, Soc., 1931, 8 , 29), is effective 
also in the merenration of coumarins. It doeti not attack 
these directy, bnt only after the action of 5^ sodiam 
hydroxide solution upon them. The coarse of the reaction 
with ooamarin may be represented by the scheme given below. 

Mercury acetamide has thus been made to react with the 
following substances ( the numbers in parentheses indicate 
the compounds referred to in the tables ): (1) coumarin, 
(2) 7-hydroxy-4*methyl-, (3) 7-amino*4-methyl-, (4) 4 : 7>dim- 
ethyl*, (5)5 ; 6-dihydroxy-4-methyl-, (6) 6-hydroxy>4>metbyl, 
(7) 6>nitro*, (8) 4 : 6-dimethyl-, (9) 4 : 8-dimethyl-, (10) 7-hyd- 
.roxy-4 : 5-dimethyl*, (11) 7-hydroxy-4-methyl-, (12) 7-hydr> 
oxy-3-I}enzyl-4-methyl>, (13) 7-hydroxy-4-phenyl-, (14) 3-car- 



beihoxy*! (15) S-acetyl't (16) 3-benzoyl-conmatitt, (17) ketodi- 
ooamarin. (18) tbiocoamaria, (19) 6-methyl-l : 2-oc-naph- 
thapyrone, ( 20 )..6-methyl-3 ; 4-j8-naphthapyrone. The 


0 





effect of sebstitaenta in the conmarin ring on their 
meronralion is well marked. When the oxygen of the 
carbonyl group ia replaced by snlphnr, mercnration 
takes place in alcoholic solntion without the aid of alkali. 
Conmarins containing a carbethoxy or a carbomethoxy-group 
in position 3 give dimercnry derivatiTes, but those containing 
a benzoyl group or CO'OgHgOt (as in ketodiconmarin) in this 
position give only monomercurated compounds. Substitu- 
ents in position 4 have scarcely any influence, dimercnry 
derivatives being produced. When position 5 or 7 is occupied 
by a hydroxy- or an amino-group, dimercnry derivatives are 
pbtained, but 7-methylconmarin gives a moncmeronry 
^erivaliye only. When position 6 is snbatitnted different 



^rodnota are obtained according to the natnre oftheanbati* 
tnent: with a methyl anbatitnent, a monomercnry derivative 
is obtained; a nitro-substitnent ia expelled and a mono- 
mercnry derivative produced; a hydroxy*8nbstitnent ia 
converted into 0<Hg*0H. A, conmarin with methyl in 
position 8 yields a monomercnry derivative snbatitated 
in position 6. 6-Methyl-l : 2-oc>and *3 ; 4-j8’naphthapyrone 
yield each only a monomercnry derivative. 

All these compounds are more or less solnble in dilute 
sddinm hydroxide solution. The carbon-mercury link ia 
not broken by cold dilute hydrochloric acid. They do not 
give mercnrip sulphide readily on treatment with hydrogen 
sulphide. Potassium iodide solution decomposes them 
with the quantitative liberation of alkali hydroxide. 


The bishydroxymercnric-componnds are converted into 
snlphatomercnri-derivatives (I) by 10^ sulphuric acid, and 
their solutions in dilute aqueous sodium hydroxide give 
chloromercuri-derivativea (II) and mercaptomercnri-oom- 
pounds (III) when treated with dilute hydrochloric acid and 
with carbon disulphide, respectively. 


0 Hg.OH 
/S/N 

0C | I Lhs 
HC\/N/ * 
OH 
(I) 


no.Hg 0 

, /N/\CO 

|so* I I I 

ClHgS/*v/CH 
OH 
(H) 


HO.H« 0 
/S/SCO 

I • I 

HS.Hg\/N/CH 

OH 

(HI) 

Mercuric acetate was made to react with solutions of the 
conmarins mentioned above in 5% aqueous sodium hydroxide. 
Its action on conmarin-G-snlphonic acid was also examined. 
The coarse of the reaction with conmarin is similar to that 
depicted above, the final prodnct 'containing HgOAc in potll- 
tionsjQ and 8. 



On treatment mth dilute hydroohlorio acid and with 
hydrogen snlphide the bisaoetoxy-mercnrioonmarinB give 
reanlts similar to those obtained with the bishydroxymerenri- 
oonmarins. Treatment with potassium iodide solution, 
however, liberates only two equivalents of alkali instead 
of four : 

cold 

C,H*0,(Hg.OAo), + SKI + 2 H 2 O— >C,H„ 02 (HgOAo) + 

heated 

K,HgI* + CH,.CO,K + 4KI + KOH + H,0 C'jHeO, 

+ 2K,IIgl4 + 2CH,.COsK + 2KOH. 

6 : ^-Bimcetoxymercuricmmarin, when treated with sodium 
tbiosnlphate solution, is converted into a compound, 
<gg>C#H 40 i, (IV), which readily gives a sulphato- 

mercuri'derivative (compare Dimroth, Her., 1902, 35 , 2853; 
Maynard, J. Amer. Chem. 80c,, 1924, 46» 1^10; Pesci, Oazzetta, 
1899, 29, 394). 

The effect of substituents on the merouration of conmarins 
by mercuric acetate is, in general, similar to that in the case 
of mercury acetamide. The main differences are; (1) 6*nitro* 
conmarin yields 6 : 8-bisacetoxymercuriconmarin; so also 
does conmarin-6-snlphonic acid; (2) 3>acetyl-4>metbyl* 
coumarin gives a bisaoetoxymercuri^derivative; (3) 4-phenyl> 
3*allyl ( or bensyl ) conmarin yields a bydroxymercuri* 
aoetoxymeronri-derivative. Compounds of the last type, 
when treated with potassium iodide solution, liberate only 
three equivalents of potassium hydroxide. 6-Acetoxy- 
merouri*! : 7-dimetbylconmarin, similarly treated, liberates 
one equivalent of alkali. 

The constitutions assigned to the mercury compounds now 
described are based on the following considerations : 

(1) The mercnry«containing substituent has. not opened 
the ethylenio link, because (a) the behaviour of the com* 
pounds towards sodium carbonate and bicarbonate is like that 
of coumarin itself, (5) cinnamic acid, which contains a double 
bond in a similar position, is not merourated when similarly 
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treated (Biilmann, 6«rl, 1902, 35« 2576; 1910, 43i 574), and 
( 0 / the oomponnds decolorise potassiam permanganate soul* 
tion as do the coumarins. 

(2) The mercury atom has entered the nucleus, because 
(a) all attempts to mercurate conmarin directly failed, but 
when the hydroxyl group was generated by means of 5^ 
sodium hydroxide solution, the phenolic compound was 
mercurated at once. A phenolic hydroxyl group not only 
{Militates mercuration, but also appears to exert an oreenting 
influence (Mameli, Oazsetta, 1922, 52, i, •'152; ii, 18, 23, 113; 
1926, 56, 948), mercuration taking place in the p- or o-posi* 
tions to it; these become positions 6 and 8 when the conmarin 
ring is formed. That the mercury is in positions 6 and 8 is 
further proved by the facts that coumarins with a substituent 
in position 5 or 7 give dimercnrated compounds, whereas 
those with a substitnent in position 6 or 8 give only mono- 
mercurated derivatives, {h) From a study of known mercury 
compounds, Tsnch a those of a^foeinnamic acid, it appears 
that the mercury atom in the nucleus is not removed 
by dilute hydrochloric acid or hydrogen sulphide 
(Whitmore, “ Monograph on Mercury Compounds ”). (c) The 
reaction of the compounds with potassium iodide solution is 
of the same type as that of the mercurated phenols (Whit- 
more, op. cit,). (d) lodination of dimercnrated conmarin 
gave a tri-iododihydrocoumarin, which on oxidation furnished 
3 : 5-di-iodosalicylic acid. 

From the following facts, it appears that the mercury- con- 
taining substitnent in position 6 is more reactive than that in 
position 8 : (a) the reaction of a bisbydroxyinercuricoumarin 
with potassium iodide solution liberates two equivalents of 
potassium hydroxide in the cold and two more on heating; 
(d) in the reactions with carbon disulphide, dilute hydro- 
chloric acid, and 10% sulphuric acid, only one of the two 
substituents is attacked; (c) G-nitrocoumarin on mercuration 
is poiiverted into 6*hydroxymercnriconmar^. 
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Expsbikkktal. 


The oonmarins required for the work were prepared 
mostly by the condensation of phenols with j3-ketonio esters 
in presence of snlpharic acid; a few were obtained by the 
condensation of salicylaldehyde with j3-ketonic esters in 
presence of piperidine. For the preparation of 7-hydroxy- 
S-allyl- and -S-benzyl-conmarin phospborns oxychloride was 
used as condensing agent, with excellent results (Naik and 
Trivedi, J. Indian Ghm. Soc., 1929, 6. 801). 

6 : %-Bi»hydroxymeTmricmmaHn.’—(jo\imKnTi (2 g.) was 
Uiuplved^in 5% sodium hydroxide solution (100 c. c.), and 
HpliPfiy alkali neutralised with dilute acetic acid. The 
yellow precipitate obtained on addition of a solution of 
mercury acetamide (Scholler and Schrauth, Ber., 1909, 42 , 
784) (10 g.) in water was washed with water, alcohol, and 
ether (Table I, No. 1). 

6 : S'Bishydropfymercuricoumarin is insoluble in most 
organic solvents, but dissolves in dilute aqueous sodium 
hydroxide. A suspension (0<3365 g.) in water (50 c. c.) was 
treated with a solution of potassium iodide ( 3 g.) and the 
liberated alkaii titrated (phenolphthalein) against 0>0686^- 
bydrochloric acid; in the cold 1-90 equivs., and after heating 
a further 2-05 equivs., were neutralised. The total of 3-95 
equivs. indicates that the rupture of the C>Hg link was 
complete. 

The addition pf dilute hydrochloric acid to a solution of 
the mercury compound in aqueous hydroxide gave a white 
bulky precipitate, consisting of the chloi'omerouri-o6m- 
pound (II), which was washed whith water and alcohol’ 
(Found : Cl, 6-3. OgHsOsHgjCl requires Ci, 5-9%). 

Heated for ^ hour in 10% sulphuric acid, the mercuration 
product gave a white precipitate, the mlphatomermri~eom!» 
ptfUnd (I), which was washed with water and alcohol (Found; 

2t 9, CigHioOioHg^S requires S» 2-65%). 
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A few drops of carbon dianlpbide were .added to an 
alkaline solution of the meronration prodncti the mixture was 
shaken for a few minutes, and the excess of alkali neutralised 
,with dilute acetic acid. The yellow precipitate obtained 
^Table III, No. 1) was washed with water, alcohol, and ether. 

The meronration product was heated with 0,1i\r«iodine for 
15 minutes. The' brown precipitate formed was crystallised 
from alcohol (.Found : I, 71*9. CgHiOjils requires I, 72*4%) 
afld oxidised with alkaline potassium permanganate; 3 : 5-di<- 
iodosalioylic acid, m. p. 220—223^, was produced. 

I. •* *’■ 

B-Hydroxymermrithiocoumarin.’^ThiQconmmn (1 g.), dis>, 
solved in alcohol, was treated with an alcoholic solution of 
mercury acetamide (5 g.). The yellow product (Table I, 
No. 18) was washed with hot water, alcohol, and ether. 

6:8-Bi8acafo.rpmsrcMncoumann.— Meronration of coumarin 
with mercuric acetate was carried out in aqueous solution 
through the neutral sodium salt. The yellow precipitate 
(Table II, No. 1) was washed with alcohol and ether. It was 
insoluble in all organic solvents, but soluble in dilute sodium 
. hydroxide solution. 

Its suspension (0>516 g.) in water was treated with a sola* 

, tion of potassium iodide (2 g.) and the liberated alkali was 
titrated against 0'0492JV-hydrochloric acid; in the cold 15>5 
0 . 0 ., and hot, a further 17.5 o.o., of the acid were required. 
In all, 2*03 eqnivs. of the alkali were liberated, indicating the 
complete rupture of the C — Hg link. 

The bisaoetoxymercuri'compound (1 g.), suspended in a 
solution of sodium thiosulphate, was heated for ^ hour, and 
kept for 8 days. The black precipitate which bad formed 

was removed, and the filtrate boiled ' for 2 hours. The red 

• 

precipitate IV) thus pro 4 u 9 Cd was colleote4, washed with 
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XXXin.— Investigatioiu on Hyponitritet. Part I 
Sodium Hyponitrite : Preparation and Hropertiea. 

By Jambs Biddiok Pabtimotok and 
Chandulal Chhotalal Shah. 

Sodinm hyponitrite required for the present ^vork was 
prepared by a modification of the method of Divers (J., 1899, 
47 . 97). Three other methods (Joanie, Cmnpt. rend,, 1894, 
118 , 718; Weitz and Vollmer, Ber,, 1924, 57 , B, 1015; Scott, 
J, Amer. Chem, Soc., 1927, 49, 986) were tried and found to 
give hyponitrite, but the method adopted here was found to 
be the most suitable, as regards both cost and purity of the 
product. We were not able to obtain it in the pure white 
form by the method of Weitz and Vollmer. 

Three solid hydrates of the salt have been reported, the 
penta- (Divers, foo. af.), the hexa- (Menke, J., J 878, 33, 401), 
and the ennea-hydrate (Weitz and Voller, loc. cit ). We find 
that the solid salt exists in the form of two different hydrates. 
From a concentrated solution of sodium hydroxide, it 
separates on standing in a vacuum over sulphuric acid in the 
form of small grannies of the pentahydrate. If this or the 
anhydrons'saltjis redissolved in water, and the solution con* 
centrated over sulphuric acid in a vacuum, or the solid 
precipitated by a large excess of alcohol, the octahydrate is 
formed. In the first case, the octahydrate forms short thick 
needles, and in the second it appears as very small crystals. 
The hexa- and the ennea-hydrate could not be obtained, and 
very probably these have been mistaken for the above two 
hydrates. Divers could not obtain the salt in the .crystalline 
form, and denied the statement made by Jackson (P., 1893, 
12, 210), who obtained it in needles. 

Analysis . — The salt, in either the anhydrous or the 
*nydrated state, has not been analysed previously, except one 
analysis each by Divers, Menke, and Weitz and Vollmer 
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{foe. dt.^, Menbe estimated the nitrogen in the snbstanoe by 
heating it with soda-lime and determining the amount of 
ammonia formed. We found no trace of ammonia either 
under these conditions or when the salt was treated with 
Devarda’s alloy and potassium hydroxide. Nitrogen in 
hyponitrites. in general, however, can be estimated by a 
modification of Dumas’s method. The dry salt is mixed with 
fosed sodium hydrogen sulphate and heated in a combustion 
tube, the gases evolved being passed over hot reduced copper 
gauze, and the liberated nitrogen measured. Kirschner 
{Z. anorg. Ghem , 1898, 16« 424) used copper powder instead of 
sodium bisulphate. This method gives good results with 
other salts, but fails in the case of the sodium compound, the 
results of the nitrogen analysis being always too low, appa- 
rently because some nitrogen as sodium nitrate remains 
undecomposed b y sodium hydrogen sulphate, even at a red 
heat. The residue was, in fact, found to contain sodium 
nitrate. Since no suitable method could bo found for the 
determination of nitrogen in the sodium salt, the hyponitrite 
radical was determined as the silver ualt; but as silver 
carbonate and nitrite are also insoluble in a neutral solution, 
the sodium salt was examined for the presence of both of 
these. The amount of nitrite in the salt was found to be less 
than 0>001%, and no'carbonate was detected. 

Action of Eydriodic Acid , — Various views are held as to 
the action of hydriodio acid on hyponitrites. A solution of 
the sodium salt does not immediately give any blue colour 
with hydriodic acid and starch, although this colour develops 
in 2 — 3 minutes. We believe that this result is due to small 
traces of nitrons acid present in the preparation. A solution 
which has been kept for 24 hours behaves similarly, showing 
that the amount of nitrons acid does not appreciably increase, 
though a sensitive colorimetric determination with Griess 
reagent shows that nitrous acid docs increase somewhat in 
such a solution. In a freshly prepared solution, the content 
iff. sodium nitrite was foypd to be 4*2 x 10“* and in the 
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tantd eolation after 84 bonra it waa 6*3 x lC~*.^',‘wbUb 
inoreaaed to 7*3 x 10~* % at tbe end of one week. Probably 
in Bolntion tbe ealt decomposes according to tbe eqnation 

3Nb,N,0, + 2H,0 = 2NaNO, ^ 4NaOH + 2N, . (1) 

bnt tbe amonnt of nitrons acid formed is too small for macro* 
estimation. Tbe solation does not give tbe dipbenylamine 
test ■ 

Thermal DecomfoeiHm of tla Sdii.—Tbe action of heat on 
tbe solid anhydrous sait has been studied by Divers Qoc. gt7.), 
who states that it is stable up to 3(^0*, bnt at higher tempera* 
tares decomposes as follows 

3Na^,0, a 2NaNO, + 2Na,0 + 2N, (2> 

Ray and Ghingnli (J., 1907, 91i 1399) find that the products of 
the action of heat on the silver salt consist of silver, silver 
nitrate, nitrogen, and nitric oxide; and on the mercury salt, 
of mercury, meronric oxide, nitric and nitrous oxides, together 
with some nitrogen and mercnrons nitrate. In contrast to 
these two salts, we find that the sodium salt decomposes 
according to the equation given by Divers [(2) above] when 
heated in a vacuum, the decomposition occurring suddenly 
and explosively at 260—265*, leaving a red residue which 
becomes yellow on cooling. The solid on analysis was found 
to consist of equimolecular proportions of sodium nitrite and 
sodium oxide, while the gas evolved was pure nitrogen. 

When the dry salt is heated with sodium hydrogen 
sulphate, the gaseous products consist of nitrons and nitric 
oxides and nitrogen, while, as stated above, even at a red heat 
some sodium nitrate remains in the solid residue. Probably 
the decomposition proceeds simultaneously according to the 
equations 

Ns,N,0, + 2 NaHS 04 s 2Na,304 + H,0 + N,0 . (3) 

3 Na,N, 0 ,+ 4 NaHS 04 + 2 NaN 0 ,+ 4 Na,S 04 + 2 H, 0 + 2 N, (4) 

,^2Na,N,0,+4NaHS04-4N8,S04+N,+2H,0+2N0 . (5) 

, 3jI«ip|+2NaH804»2l!fe,S04+NoNO,+H,0+2NO ^6) 
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Aqn^oas solations of the salt • instantaneously decompose 
in a vaonnm to the extent of 50%, giving nitrons and nitric 
oxides and nitrogen, the main product being nitrons oxide 
(68>5%). The action may be represented by equations (3) 
and (5), H|0 being substituted for NaHS04. If the pressure 
is not below 40 mm., the solution does not decompose 
abruptly, bnt does so slowly, the decomposition mainly 
proceeding according to equation (3). No nitrate or nitrite 
oait be detected in the solution. 

^eftbn o/Aods.—Bay and Oanguli (J., 1907, 91, 1366) 
studied the action of dilute mineral acids on the silver and 
the mercurous salt, and showed that the former is completely 
decomposed by these acids, whilst the latter is only partly 
decomposed, except by hydrochloric acid. We have examin- 
ed the action of dilute sulphuric and hydrochloric acids on 
the sodium salt, and find that the reaction is the same as in 
aqueous solution; the percentage decomposition is a little 
higher and the proportion of nitrogen and nitric oxide is 
slightly greater, thus showing that the reaction (5) is 
favoured by acids. No nitrate or nitrite appears to be formed 
during the reaction. 

The salt is completely decomposed by concentrated 
sulphuric acid. Nitric acid and traces of nitrous acid 
are formed besides nitrous and nitric oxides and nitrogen. 
The reaction is very vigorous and the whole vessel becomes 
filled with white fumes, the solid salt being so much heated 
at places that it glows. The main reaction (65%) is represent- 
ed by equation (3). All the reactions (3), (4), (5) and (6) 
probably occur, and also probably, in addition : 

5Na,N,0, -I- SHjSO* » 2NaNO ,-^8NaH804+ 4H,0 + 4N, (7) 

Oxidation with Potassium Permanganate.~y ariona workers 
have examined the oxidation of hyponitrous acid . and of 
sodium and other hyponitrites in.presence of sulphuric acid 
by means of permanganate, bnt have reached very different 
opnolnslons. Hantssch and Sauer {Annalen, 1897, 29Ai< 67) 



prepared a aolatton of the free acid by shaking iiT/tOO^hydro* 
chloric acid with a weighed amount (excess) of silver hypo- 
nitrite; the amount of potassinm permanganate used by snch 
a solution was less than that required by the equation 

H,N,0, + 40 - 3HNO, (8) 

Similarly, Kirschner (2o& ctY.,) treated weighed amounts of the 
barium, calcium, strontium, and silver salts with add 
potassium permanganate and also obtained low values. On the 
contrary. Divers (loc. eit.), using JiT/^O-solntion- of the Sfcid, 
and Thum (Monatsh,, 189.3, 14 , 294), using JV/lOO-solniion of 
the acid, in both cases prepared from silver hyponitrite and 
hydrochloric acid, obtained values showing that the oxida- 
tion proceeds to completion according to equation (8) 
Recently, Rasohig (*' Sohwefel- nnd Stiokstoffstudien,” 1924) 
has shown that the action of acidified potassinm permanganate 
proceeds according to the equation 

HaNaO,' -h 20 - 2HNOa (9) 

and differs from the action of subsequently acidified potassium 
permanganate (acid added 15 minutes after the permanganate 
solution), which proceeds according to equation (8) above. 
As is well known, nitrons acid is oxidised quantitatively to 
nitric acid by potassium permanganate in presence of acids. 
To avoid this difficulty, Rasohing supposes that an anhydride, 
N, 03 , difierent in constitution from the anhydride of nitrons 
acid and stable towards permanganate in acid solution, is 
formed. In bis experiments he used a solution of the sodium 
salt obtained by shaking silver hyponitrite with statnrated 
sodium chloride solution. 

We have repeated these experiments, using eolntions of 
different concentrations and prepared in different ways, and 
we think that a portion of the fayponitrons acid is always 
oxidised to nitric acid according to equation (8), the other 
*■' portion decomposing into nitrons oxide and water according 
\Q eqn^tion (3). Owing to the spoptaneous decompo||tion 



Idintk^aii of hyponitrites and hyponitroiu aoid, the reenlfan 
obtained are invariably low as can be seen from Table IL 
Another cause for the low values is the fact that silver 
hyponitrite is not completely decomposed by shaking with 
hydrochloric acid (Ray, De, and IMiar, J., 1913, 103, 1362), or 
with sodium chloride (Divers, loc» cit,). 

Since aqueous solutions of the salt decompose in a vacuum, 
as shown above, they were not used for examining the 
products of oxidation formed in a vacuum. The results 
obtained with the solid sodium salt show that the above 
conclusion regarding the action of permanganate on hypo* 
nitrons aoid viz., that a portion of it is oxidised to nitric aoid 
and the other portion decomposes into nitrons oxide, is 
correct. In the presence of acidified potassium permanganate, 
65^ of the salt decomposes, giving nitrons oxide and nitrogen. 
The remaining 35%is oxidised to nitric aoid. But if the aoid is 
added 15 minutes after the potassium permanganate solution, 
48% of the salt decomposes into nitrous oxide and nitrogen, 
and the rest is oxidised to nitric acid. The formation of 
nitrogen probably occurs according to equation (5), the nitric 
oxide simultaneously formed being oxidised to nitric acid. 
Thus the low values obtained by Rasching are to be attributed 
rather to the greater decomposition suffered by byponitrons 
acid than to the formation of a hypothetical oxide; N,Os. In 
his attempt to separata this NgO», be failed to account for 
one-third of the total nitrogen, which very probably escaped 
before he began his estimation. 

iiftfucfion —Among the products of reduction of hypo- 
nitrons acid, four substances, viz., nitrogen, hydroxylamine, 
hydrazine, and ammonia, are likely to be formed. By reduc- 
tion with zinc and acetic acid, Devarda's alloy and potassium 
hydroxide, aluminium amalgam, sodium bisulphite, stannous 
chloride, titanons chloride, and sodium bydrosulphite (hypo- 
sulphite), we find that none of the last three is formed, though* 
von Btaokel (Rsr., 190Q, 3% 31'15) claims to have obtained 
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hydrazine by redaction with zinc and acetic acid and also 
with sodinm bisulphite. In the case of sodinm hydrosnlphite 
(alkaline), no nitrogen either appears to be formed. Coblens 
and Bernstein (/. Physical OAem., 1925, 29 « 750) claim to have 
reduced silver hyponitrite to ammonia by the successive 
action of stannous chloride and titanous chloride. We were 
unable to obtain any ammonia by the action of these reagents 
on sodium hyponitrite solution. Traces of ammonia snfBoient 
for colorimetric estimation by Nessler reagent were found in 
the solution, but this is probably due to impurities rather 
than to the reduction of the hyponitrite. 

Table I summarises the foregoing results in the form of a 
nitrogen balance. 

Expebiiibnt AL, 

Preparation of Sodium Hyponitrite . — 25 G. of pure sodinm 
nitrite (Divers, J., 1899, 47 . 85) are dissolved in 50 c-c. of 
water. Sodium amalgam, prepared by dissolving 25 g. of 
sodium in 140 o.c. of mercury, is slowly added to the above 
solution contained in a round-bottomed flask. During the 
addition the solution is kept cold by running water. After 
all the amaigtm is added, the flask is vigorously shaken and 
cooled till no more heat develops. The whole is then trans- 
ferred to a thick-walled separating funnel, the solid adhering 
to the flask being twice washed with very small amounts of 
water, and shaken continuously for one hour to reduce any 
nitrite which might have been precipitated along with the 
hyponitrite from the strongly alkaline solution. The amalgam 
is then separated. The sodium hyponitrite is filtered off 
through asbestos, without unduly exposing the liquid to the 
action of air, which can best be done by passing a current of 
carbon dioxide-free air or nitrogen over the solution being 
filtered. The solid is then taken out and repeatediy triturated 
*with alcohol till the pulp-like mass falls to a fine powder, 
which is then filtered and washed with the same reag^ It 



ia rediaaoWed in the leaat amount of water, and filtered from 
anapended impnritiea. The solution ia then oonoentrated over 
sulphuric acid in a vacuum. The vessel should preferably be 
covered, as considerable bamping occurs. On the third or 
fourth day thick short needles separate. These are crushed 
and triturated with alcohol, filtered, and washed with alcohol 
and ether. The salt so prepared is the octc^ydrcUe (Found : 
Na, 18*05; N,0,, 24*7; H,0, 55.5. Na,N|0|,8B,0 requires Na, 
18*4; N|0|, 24*0; H,0, 57.6^).' When left for 24 hours over 
cSnoentrated sulphuric acid in a vacuum, it becomes an- 
hydrous (Found : Na, 42*3; N,0,, 54.1. Calc, for Na,N,6| : 
Na, 43.4; N,0,, 56*6%). The yield of the anhydrous salt is 
19%. Its specific gravity is 1.726 at 25*. 

For preparing the pentahydrate, sodium nitrite is dissolved 
in 75 0 . c. of water. After separation of the amalgam, the 
solution ia filtered through asbestos, and the filtrate loft in a 
vacuum over sulphuric acid. After about 25 days, small 
granules separate. These are filtered in a small Gh)ooh 
crucible without asbestos and washed with alcohol. They are 
then taken out, triturated with alcohol, filtered, and washed 
with alcohol and ether (Found : Na, 23.9; N|0|, 29.8; H,0, 
45.1. Oalc. for Na,N,0„5H,0 : Na, 23.5; N,0„ 30.6; H,0. 
45.9%). 

In studying the action of various reagents in a vacuum, 
the apparatus shown in Fig. 1 ( for fiig. see J. 0. S. 1931, 
p. 2077 ) was used. The substance was weighed out in 
the small tube A and carefully introduced into the 
flask. The solution, the .action of which it was desired 
to study, was contained in the side tnbe B or D. In oases 
where it was necessary to study the aofion of two 
reagents in succossion, these were separately introduced into 
B and D. The vessel was then attached to the Sprengel 
pump and evacuated, and the solutions added to the substance 
through the three-way tap E. A small amount of air remains 
in the tap (calculated, M c.o.) and in the analysis this volunie 
is denoted from the amount of nitrogen. 



Bor atodylag the aetioa of heat, the sabstanee was weighed 
in the tqbe shown in Fig. 2. { See for fig. J. 0. S. 1931 p. 2077 
The spiral at the top, which contains some glass wool, 
prevents escape of solid when it suddenly decomposes. 
This tube is heated in a Pyrex tube, having a gronnd-in 
glass thermometer and attached to the pomp. 

Aetim (i) 0>IOOS 0. of the hyponitrite gave 13*9 

0.0. Of nitrogen (at S.T.P.). The residue weighed 0*0826 g. 
and required 13*9 o.o. of 0*0935^-bydroohloric acid for 
neutralisation (phenolphthalein) and 11*2 o.c. of 0-11 jY> 
potAslum permanganate solution, (ii) 0*1236 G. left a 
residue weighing 0*0994 g. and required 17*0 o.o. and 14*4 c.o. 
of the above reagents respectively. 

The hyponitrite remains unchanged to 260^. At 260—265*, 
it begins to melt, effervesces, and suddenly decomposes, 
turning first yellow and then red. After cooling, the residue 
is yellow. 

Adim qf Sodium Hydrogen <Sulp5ate.— The hyponitrite was 
weighed in a porcelain boat, mixed with 1 g. of sodinm 
hydrogen sulphate, and introduced into a short length of 
combustion tubing, which was then evacuated, (i) 0>1730 G. 
gave 7*6 o.o. of nitrons oxide, 3*6 c.c. of nitric oxide, and 
16^1 0 . 0 . of nitrogen. The residue contained nitrate (diphenyl* 
amine test) and traces of nitrite (potassium iodide and starch), 
(ii) 0*1237 G. gave respectively 9*8, 2*2, and 13*2 c.c. of these 
three gases. The residue gave 4*0 o.c. of nitric oxide (estima* 
tion of nitric acid by Orum-Frankland method). 

In this experiment, and in the action of concentrated 
sulphuric acid, a washing tube containing potassium hydro- 
xide was interposed between the pump and the apparatus, but 
no nitrate or nitrite was detected in it (diphenyl.imine test). 

‘kdion of Water. ^\) 0*1038 G. of hyponitrite gave with 
29*0^0. of' water 7*9 0 . 0 . of nitrons oxide, 2*5 0 . 0 , of nitrogen, 
and 1*0 0 . 0 , of nitric oxide ron the next day 2*3 o.o. mo^e of 



[ 867 ] 

the Aral gas were evolved, (ii) 0>114'3 G. gave with 10' o.o. 
of water 8«1« 2*7, and 1<1 c.o. of these gases respectively. The 
solalion did not give any test for nitrate or nitrite, bnt 
showed the presence of nndecomposed hyponitrite by giving 
a yellow precipitate with silver nitrate. 

Action of Adds , — This is shown in the following table. 
With the dilate acids the resnlting solution gave the same 
reactions as with water, but with concentrated snlphuric acid, 
it contained nitrate and nitrite (the latter too small for 
estimation) and gave l>6 o.o. of nitric oxide from the first 


eolation. 

Na,N,0,. 

N,0, 

N,. 

NO, 

Acid. 

g* 

c.c. 

0.0. 

O.O. 

H,S 04 (app. 3iV)« 80 c.o.... 

0*1557 

15*5 

4*8 

7*4 

0*1040 

11*2 

3*2 

4*0 

HGl (app. 3i^), 20 c,c. ... 

0*1060 

11*5 

3*5 

4*2 

0*1270 

14*0 

3*8 

3*5 

H,80; (d 1*84), 20 c.c.... 

0*1032 

14*3 

5*6 

1*3 

0*1042 

14*5 

6*2 

1*7 


Action of k.ddifi&l Potassium Fermanpanate.-^Thesolntion 
used contained 0>5 g. of permanganate in 20 c.c, of 2N- 
snlphnric acid. The results of a second experiment are in 
parentheses. 0^1000 (0*1249) G. gave 12,'i (16*4) c.c. of 
nitrous oxide and 2*2 (2.5) o.o. of nitrogen. The solution was 
concentrated, and decolorised with oxalic acid, [the excess of 
the latter being ' removed by slowly adding permanganate 
solution till a slight pink colour remained. An aliquot portion 
was taken for estimating nitric acid. The whole gave 14*0 
(20*7) c.o. of nitric oxide. 

Action afPotassium Permanganate followed by Sulj^uric 
Add . — The acid (20 c.c. of 2JV) was added after the gases 
evolved during the addition of the permanganate (0*5 g. in 
20 0.0. of water) had been collected (about 30 mins.) : 0*1054 
g. gave before addition of acid 2*1 c o. of nitrous . oxide and 
3«1 c.o. of nitrogen; and after addition of acid o>I and 1*2 
(ws^ctively. 
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The aolntioii gave 23>3 o,c. of nitrio oxide. 

lo examining the prodnots of redaction, the presence of 
ammonia was tested with Nessler reagent, hydrazine by 
redaction of Fehling’s solntion and benzalazin test, and 
hydroxylamine by the benzoyl chloride-ferric chloride test. 

Bummory. 

It hae been shown that sodiam hyponitrite occars in the 
form of two hydrates— the penta- and the octa-bydrate. The 
action of heat and varioas reagents on the solid salt in a 
yacanm has been stadied. The anhydroas salt, when heated, 
decomposes into sodiam oxide, sodiam nitrite, and nitrogen. 
It is partly decomposed by water, dilate snlpharic acid, and 
dilate hydrochloric acid, forming nitrons oxide, nitric oxide, 
and nitrogen; and completely by concentrated salphnric acid, 
forming nitrons and nitric acids besides the above products. 

Table 1. 

P«nantage$ qf the varioM prodmtB cahinUated in terms of 
nitrogsn. {Thsoretioai MaH, 26-4%.) 


Beaotion : 


N,0. 

N,. 

NO. 

HNO,,. 

HNO„ 

Total. 

fteat ... 


— 

17.3 

— 

8.6 

— 

25.9 



— 


— 

9*0 



Water 


9«5 

3.0 

0.6 



13.1 

ft 


8.9 

3.0 

0.6 


— 

12.5 

H,80«, dil 


12.5 

3.9 

3.0 

— 

— 

19.4 

Of 


13.5 

3.8 

2.4 

_ 

— 

19.7 

HCl,dil ... 


13.6 

4.1 

2-5 



20.2 

•« ••• 


13.8 

3.7 

1.7 

— 


19.2 

HgS 04 , cone. 


17.3 

6.8 

0.79 


0.8 

25.69 

ft * ••• 


174 

74 

14) 



25.8 

NftHS 04 


5.5 

11.6 

1.3 

— 

— 

18.4 

M eec 


94 

12.7 

M 


1.9 

25.1 

KBIdOa* ftcidiflode 

154 

2.8 

— 


8.8 

27.0 

9 ft 

• •• 

16.4 

2.5 



10.4 

29.3 

BMnO^ thfn aoi4 

8.9 

3,9 


— 

13.8 

m 
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Tabu n. 


Cone, of 
HNO, 
g. •mol. 


Sonroe of lolntion. 

Solid Na,N,0, dissolved in 

water, 

Moist AgjNjOa shaken with 
0»IN-Na01 and diluted ... 
BaN,0, shaken with O.IN. 
NajSO* and diluted 
Moist Ag|N|0| shaken with 
0‘M35N-Hoi and diluted... 
Moist Ag^jOg shaken with 
satd. NaCl sol. and diluted 


per 
litre. 
(0.0.50 
1 0-0.50 


a025 
5 0.0467 
i 0-0701 
5 ai.53.5 
f 0-0482 


Amount of O-liV'-KMnO; 
required by 10 o.c, of 
the sol. if its cono. 
was 0-li^ 


Acid at 

Acid after 


same time 

15 mins. 

Ratio, 

(1). 

(11). 

(II)/(I), 

16-7 

,82.2 

1-93 

14-2 

27-4 

1-98 

— 

9-0 

- 

2-1 

6-6 

3-1 

7-0 

20-5 

24)3 

15-7 

.81-1 

1-98 

14-6 

29..8 

1^07 

ll-l 

23-8 

2-16 


By the action of potassium permanganate, a portion of the 
salt is oxidised to nitric acid and the other portion de- 
composes into nitrons oxide and sodium hydroxide, the pro- 
portions of the two depending on the experimental condi- 
tions, thus explaining the variable resnlta obtained by 
different workers under slightly different conditions. The 
salt could not be reduced by stannous chloride, titanons 
chloride, sodium hydrosulphite, etc. 

One of the authors (C. 0. 8.) takes this opportunity of 
expressing his gratitude to the University of Bombay for a 
scholarship, and to the Trustees of the N. M. Wadia Charities 
for a loan, which enabled him t;) carry out this work, and 
l)oth autora thank the Chemical Society for a grant which 
has partly defrayed the expenses inenreed in the research. 

Eart Itondon CoUtge, 

Unhmiln of London, 

(Icpriited from the Jesrsil of tke Chenkal Society, 19)1.) • 
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XXXVI.— Hyponitritet. Part 11 : Metallic Salta 
Part III : Esters. 

By James B. Fabtikqton amd Chandulat. G. Shah. 
Fart II. 

Galcinm, Btrontinm, and barinm liyponitrites have been 
previonly prepared in pure crystalline forms (Divers, J., 
1899, 47 , 97; Maquenne, C<mft. rend, 1889, 108 , 1303; 
Kirschner, Z. amnj. Cltem,, 1898, 16. 424), the first and last 
occurring as tetrahydrates. the second as a pentahydrate. We 
obtained all three in the cryst, form by pptn. on adding 
excess of a solntion of the corresponding nitrate to NagNjOi 
aq., washing with H,0 (at 4(.®;, hXOH, and KtgO, and drying 
on a porous plate (in the case of the Ca salt in a desiccator). 
The analyses of the products confirmed the formulin stated. 

We wore unable to obtain the alleged basic 1- ad hypo- 
nitrite, Pb0,rbN20* (Kirschner, hie. cit. , or Pb(0H)2,PbN203 
(Neogi and Nandi, J., 1928, 1449), under any conditions, the 
normal salt, PbNgO.^, prep, by Divers [lor. cit.), Kirschner 
(foe. cit,), and Thuin {Inawj, Dm., Prague, 1893; Monatsh., 
1893, 14 , 294), being always ubtained in a pale yellow form 
by pptn. as in the case of alkaline-earth Sfilts, and drying in a 
vac. If, instead of PbfNOals, PI)(OAc ).2 is used, the ppt. is 
deep sulphur-yellow, and the salt detonates more violently 
when lieated than that obtained from the nitrate. No attempt 
should bo made to dry the Pb salt by healing. The other 
properties and the chemical composition of the two forma are 
the same, 

A basic copper hyponitriln,Cu2(0H)iN2Oj (Divers; Tiium; 
Kirschner; loec, cit.), could not be obuinod. The ppt. formed 
on adding CuSO* aq. to Na2Nj02 aq. was found (by Cn and 
N detmtn.) to have the composition CUN2O2. 

— N was determined as described in Part I (J., 
J93],207I). The metal in Ca, Sr, Ba, and Pb hyponitrites 
was determined as sulphate, and in Co byponitrite 



M oxide by maintaining the salt at a red heat for some time. 
Ca salt (Found : Ca. N, Ki.SS. Calc, for CaN,0„4H,0: 
Ca, 23.2y: N. ll'.29%), 13a salt (Found : Ba. 51.37; N. 10.9. 
Calc, for BaN,Oi,4HjO : Ba. .50.97; N. 10.40%), Sr salt 
(Fonnd : Sr, 36.9; N, 11..5. Calc, for SrN.20.2.5H.20 : Sr, 36.86j 
N, 11.79%) Pb salts (Fonml. for yellow prodnrt : Pb. 77.32; 
N. 10.45, Found, for pale yellow product : Pb. 77.85; N. 
10.3. C.ilo. for PbN.^O.j : Pb. 77.57; N. 10.19%). Ou salt 
(Fonnd : Cu. .5(».'.)7; N. 2^4. Calc, for CuN.,jO.^ : Cu. 51.44; 
N, *22.67%). 

Action of According to Kirschnor, barium hypo- 

nitrite is decoinp. by dry CO,, while calcinm hyponitrite 
is said by Divers to be very stable and a good hyponitrite to 
stock. Maqnoime found that the alkaline-earth hyponitrites, 
do not completely lose H,0 of crystn. at 100®. Copper hypo- 
nitrite was fonnd by Kirschnor to be slightly hygroscopic. 
We fonnd that these hyponitrites. whin exposed to dry air 
or COj. remained practically nuchanged in wt , whilst on 
exposure to air saturated with water vapour, there was a 
Blight increase. Tho alkalino-earth hyponitrites retained 
their cryst. strnctnre as seen under the microscope, even on 
exposure to ordinary air for several days, and the analysis of 
the salts exposed to air for a week did not show any change. 

Bcott (J. Arner. Chem. Soc., 49 , 986) states that the 
Na salt prep, by him was non-hygroscopic, but this seems to 
have been based ou appearance only. We exposed weighed 
amounts of the salt, prep, by our modification of Divers’s 
method (.1 , 1931, 2075), to air, dry CO 2 , and CO.-free air 
saturated with water vapour. When exposed to air the salt 
at first rapidly absorbs moisture and increases in wt. ; after 
about 3 days it begins to lose wt. When exposed to air 
saturated with water vapour in a desiccator, the increase in 
wt. continues for a considerable time, but the wt. immediately 
falls on exposure to the free air. Tho wt. of the dry salb 
remains unaffected on exposure over cone. UfSO, in an atm. 
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pi CO^. A sample of sodiam hyponitrite after exposure to 
air for a fortnight gave no characteristio yellow ppt with 
AgNO«. It appears that the dry salt is nnafifected by CO* 
and is hygroscopic; in contact with water vaponr or in eola- 
tion it is slowly converted into the carbonate on exposure to 
ordinary air. The external appearance of the salt remains 
like that of anhyd. MgSO*, even on absorption by the salt of 
twice its own wt. of HjO. 

Thermal •Decomposition ,’— thermal decomp, of the 
alkaline-earth salts has not been examined previonsly. Divers 
found that CuN*Ot gave H 2 O, CaO, Co^O, N,0, and NO. 

The thermal decomp, of these salts cannot be represented 
by one equation, as in the case of Na 2 Ni, 0 *, for although 
N 2 O forms the major portion of the gaseous reaction products, 
it is always accompanied by NO and N. The alkaline-earth 
salts behave similarly and decompose at a temp, higher than 
320^. The principal gaseous prodncte are N^O and N, with 
some NO. The solid residue is alk. and contains some nitrate 
and an amount of nitrite, which, although it can be detected 
qualitatively, is too small for determination. The following 
equations, in which R s Oa, Sr, or Ba, probably represent the 
decomposition : 

RN|0| a RO + N|0 (1) 

.')RN,0, a R(NO,), + 4RO + 4N, ... (2) 

2RN,0, a 2RO + 2NO + N, (3) 

During the decomp. of lead and copper hyponitrites, NgO 
is likewise the main product, but no nitrite or nitrate can be 
detected in the solid residue. The Pb salt is so explosive 
that the gaseous products could not be examined, but the 
greyish-yellow solid residue was PbO. Lead hyponitrite 
appears to be unstable even at 100”, at which temp, it slowly 
turns brown and loses wt., with evolution of NgO. Since no 
nitrite or nitrate is found in the residue, it appears that the 
«iecomp., which is slow at lower temps, and occurs explo- 
sively at 150~-160”, proceeds according to equation (I). 



Tabu L 
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% of toul N 

AS 


substance 

N,. 

N,0. 

NO 

r- 



— ^1- . 

Reagent. 

g. 

C.C. 

e.c. 

C.C. 

N,.N.O.NO.HNO, 

CaN,09,4H,0. 








Heat ... ... 

0.1088 

2.8 

ti.2 

1.7 

20 

65 

6 

9 

„ ... ... 

0.1360 

3.9 

11.0 

2.3 

22 

62 

6 

8 

Dil. HCl 

0.0954 

0.9 

4.0 

1.7 

7 

32 

7 

0 

Dil. H,SO« ... 

0.0994 


1.3 


0 

10 

0 

0 

Cone U1SO4 ... 

0.1007 

2.9 

6.1 

0.9 

22 

47 

34 


* H ••• 

0.1235 

3.2 

7.9 

1.0 

20 

49 

31 

-- 1 

Acid EMnO«... 

a0970 

0.2 

4.2 


2 

33 

0 

65 

KBfn04+acid 

0.1146 

0.8 

3.2 


5 

21 

0 

74 

„ ... 

O.IOS2 

0.8 

3.0 


6 

21 

0 

73 

BaN404,4Hg0, 








Heat 

0.1376 

3.8 

6.7 

2.4 

33 

59 

10 


If ata aa. 

0.1032 

3.0 

5.1 

1.9 

.35 

59 

8 

--ia. 

Dil. HCl 

0.1003 

0.7 

5.2 

1.3 

8 

62 

8 

0 

Gone. H,S04 ... 

0.10C1 

2.3 

4.1 

2.1 

27 

53 

13 


Acid KMn04 ... 

0.1113 

0.4 

4.7 


4 

51 

0 


KMn04+aoid ... 

3.1042 

0.7 

3.2 


8 

37 

0 


SrNgO..,5H.O. 








HOAt aaa aaa 

0.1270 

3.8 

6.8 

2.7 

31 

56 

11 


SI aa* aat 

9.1010 

34) 

5.4 

2.1 

31 

57 

11 


KMnO^+acid 

0.1078 

_ 

3.5 


0 

34 

S 


PbN-Og. 








Dil. HNO, ... 

ai347 


7.8 


0 

69 

0 

0 

CuN,Oa. 

Heat 0>1042 

M 

16.8 

2.0 

6 

89 

5 

0 

fl aaa aaa 

0.08.30 

0-3 

13.5 

0.7 

2 

90 

3 

.iM 

Dil. HgS04 ... 

0.1256 

_ 

19.1 


0 

84 

0 

0 

ft aaa aaa 

0.1137 

a— 

17.4 

_ 

0 

84 

0 

0 

Dil. HOI 

0.0.138 

.... 

14.2 

— 

0 

83 

0 

0 

If aaa aaa 

0.1029 

— 

15.4 


0 

83 

0 

0 

Cone. HgS04 ... 

0.1020 

4.2 

10.8 

3.5 

23 

58 

10 


ft aaa 

0.0803 

3.0 

8.2 

2.8 

21 

56 

10 


Acid KMn04 ... 

0.1256 

— 

7.5 

— 

0 

33 

0 

— 

Unlike the Pb salt, copper byponilrite 

is not explosive. 


It decomposM at 225—230*, and the gaaeooa prodnots of 


deoomp. are N^O, NO, and N. The residue was shown by 
analysis to be CaO. Equations (1) and (3) represent th% 
deoopp. 
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Actim of Water and Altmlie.— Water has no apparent 
action on the aikaline>earth, lead, or copper salts, and no gas 
is evolved vrhen they are treated with water in a vao. 
5 i\r>NaOH aq., when added to the salts, causes no evolution of 
gas, but hyponitrite can be detected in the solution. In the 
case of PbN^Oj, which becomes perfectly white, the reaction 
is probably PbN20,+2Na0H -Pb(0H),+NajN20*. Even 
in this ease the conversion is not complete, for the insol. 
residue contains some hyponitrite. For studying the action 
of heat and various. reagents in a vac., the apparatus dSs* 
eribed in Part I (loc. eit.) was used. The results are given in 
Table I. 

Action ((f Adda.— Oar expts. on the reaction of dil. H2SO4 
and HCl with NasN302 (toe. dt.) indicated that Nj ,0 was the 
main product, and those now described ate in general agree- 
ment with those of Cambi {Oazzetta, 1929 , S 8 , 770 ) on the 
action of IN-EtSOi on PbNaO, and 4 N.acid on Na2N202 in 
an atm. of CO,, but not with his results in the case of the 
action of 7 N-aoid on CnN,02. All the five hyponitrites be- 
have towards acids like the Na salt; with the Ca, Sr, Ba, and 
Pb salts, the decomp, by H,S04 is only slight, the Pb salt 
losing its colour very slowly. As in the case of the Na salt, 
no nitrate or nitrite is formed. Cone. HgSO, completely 
decomposes all the salts at room temp., the products being 
similar. 

Action of Oxidising Agents.— The action of KMn04 aq. on 
HiNjO, has been previously described {loc. dt.). Cambi 
(foe. cit.) has also studied the action of KMnOt, I, and 
E2F«(0N), on Na,N,02. and finds that nearly 60 ^ of the 
hyponitrite N escapes as N2O. He states that the amount of 
I absorbed depends on thepH of the medium, and upon the 
order in which the reagents are added. 

Potassium permanganate. Our results shoyir that tho 
nature of the aoid has an iafluenoe on the amount of KMnO,* 
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oonBUDied, the rasalte being alwaye high with HOA.C and 
HOI. In the titration with KMn04 a weighed amount of the 
salt was added to dilate acid, followed by excels of KMn04 
aq. After 15 mins., standard H4C2O4 was added and the 
excess determined by titration with KMn04. 


C c. of 0.1N.KMnO4 
required for i.O g. Equivs. of 


Salt. 

of the salt. 

|0 roqi 

1 Acid. 

0aN,O, 

i’67.8 

3.3 

H ,804 


275.3 

3.4 

HNO 3 

• 

338.4 

4.2 

HOI 

CaN,0„4II,0 

379.8 

6.5 

HCl 


267.8 

4.6 

HNO« 


268-5 

4.6 

HjSO, 


269.5 

4.6 

HOAc+H,80, 


344.2 

5.9 

AcOH 

BaN,0„4H,0 

270.7 

7.3 

H,80« 


287.3 

7.7 

HNO, 


292.4 

7.9 

HCl 


290.2 

7.8 

HOAo 

SrN-0, .511.0 

189.2 

4.5 

11,804 

mm m 

198.6 

4.9 

IINOa 


259.3 

6.2 

HCl [air. 


259.5 

6.2 

HCKexoluding 


233.3 

5.5 

HOAo 


PbNj02 gave varying results. Some values obtained with 
HNOs nre given, the figures in the last line corresponding 
with 1*0 g. of salt. 

Wt., g. ... 0 0990 0 U29 0-1302 0 1330 0-1475 0-1646 0-1717 0 1773 
Yoi. required, 

CO 9 6 82 10-7 12-9 12-9 11-6 1-2-5 110 

Yol. perg. ... 97 0 72 6 82 6 06-6 87 6 69 9 72-8 62.0 

litdine. The iodine titrations were carried out exactly in 

the manner described by Uaschig (-' Hobwofel* und Stick- 

stoffstndien,” p. 103. (figures in parentheses give atoms 

of I per mol. of saltl : 

0«1N-1 absorbed, O.l-I liberated 


Amount of substance c, c. by H2SO4, c.c. 

lOoc 0.l335N-Na2N9O2 4-0 (3.0) 3-5 (2.6) 

O.l g C8N..02,4II«0 10.3 (1.9) 3.9 (1.0) 

0.1 g. SrN40..,5H,“0 8.5 (2.0) 5.0 (1*2) 

0.1 g. BaN,04,4H20 9.6 (2*6) 5.1 
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The reanlti were very dUieordant, and it iB very donbttnl 
whether the reactions proceed aa reproBented by Raschig 
( op. dt. ) viz., 

HaN;02+IaHNa0,+HI (1) 

HN,0, sHNOa+N (2) 

HNaOa » NO+NOH 
2NOH a K,0+H,0 (2a) 

HNO,+HIsNO+I+H,0 (3) 

(1) repreaentB the absorption of I in HOAc solntion, and (3) 
the liberation of I in prcflcnoe of BaSOi. If the reaction 
proceeds smoothly according to (1), (2), and (3), all the I 
nsed in the first stage shonld be liberated in the third. 
Raschig found that only one-half is liberated, and hence 
suggested that ( 2 ) may occur in either of the two ways, the 
alternative being ( 2 a). 

Sodium hypodilorite. Oxidation by NaOCl gave the same 
results as that by EMnOf The action was investigated by 
adding excess of the reagent. After 5 mins., H^SOt was 
added, and then an excess of El aq. The liberated I was 
titrated with NaaS .Oa. 

Amount of substance 0.1N-NaOCl, c.c. 

1(M) C.C. 0.05N.Na N 3 O, 33.7 (6-7) 

0.' g. of CaN,0„4H,0 40.1 (6.9) 

0*1 g. of SrNaOa,5HfO 26.7 (6.3) 

0.1 g. of BaN,0a.4H,0 28.5 (7.7) 

The figures in parentbeies give atoms of active 01 per 
mol. of salt. 

PART III. 

ffStars qf Jffppont'frotM Ethyl hyponitrite. prep, by 
Zorn (Bor., 1878, 11 , 1630) by the action of AgaNaOa on EtI 
in presence of dry ether, is described by him aa a liquid, 
stable at room temp, but explosive at higher temps., having 
^e normal vapour density [mol. formula ( 0 aHi)aN, 0 ,] 
helqvr 61* lound that on reduction with 9h apd ROAq 
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01 HCI, or Na-Hg, (races of amino-oomponnds are formed. 
In presence of Hj,Ot (he ester decomposed slowly at ordinary 
temps., rapidly at 40* and upwards, according to the equation 
(0,H,),N,0a = C,Hj.OH+OHa.OHO+Na. 

Benzyl hyponitrite, described as fairly volatile at room 
temp. I was prepared in a similar way by Hantzsch and 
Eaufmann {Anna^, 1896, 292, 329); it decomposed similarly 
in presence of H,0, forming Ph.OHO. 

We describe the preparation of very pure silver hypo* 
nitrite, from which we prepared the ethyl, n-propyl,n*bntyl, 
and benzyl esters by the same method, the first three being 
liquids and the last a solid. Gryoscopic determination of 
their mol. wts. in 0«Ht solution showed them to possess the 
formula R.NaO|. Attempts to determine the vapour density 
showed that even as low as 15* and at correspondingly low 
pressures, the liquid esters decompose, giving a gaseous 
product. A rapid determination of the vapour density of 
ethyl hyponitrite at 46* in the apparatus described below 
gave the value 46 (calc. : 59, H s 1). 

Beduction of the esters with EOH and Devarda’s alloy did 
not give any amino-compounds. The benzyl ester remained 
unchanged when treated with Al-Hg in ale. solution at room 
temp., but at higher temps. (60-70*), reduction to benzyl 
alcohol occurred. Since H,0 rapidly decomposes the ester 
at (his temperature according to the equation : 

(C,Ht),N, 0, = C,H,0n+0,H,.CH0+N, (1) 

the aldehyde first formed is no doubt reduced to the alcohol. 

The three liquid esters are readily decomposed by H,0 at 
40* according to equation (1), but the benzyl ester only above 
its m. p. Even in presence of 50% EOH aq , the reaction 
appears to take the same course, since, after hydrolysis either 
at room temp, or at 0*, no hyponitrite can be detected. 

The benzyl ester, when heated at 70—80* with an 
P04c solution of phenylhydrazine, gave an 80% yield 9f 
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benzaldehydephenyl-hydrasone (in. p. 157*), so that even in 
acid solution the reaction takes the conrse of 'equation (1). 

All the esters are nnstable. The liquids on standing 
become slightly yellow, somietimes -deep yello-w, but the 
colour disappears on shaking. If the ester is kept for more 
than a' week, however, the colour does not so disappear. The 
esters possess the normal cryoscoplc mol. ^ wts. even after a 
week, although the density of the liquid ethyl ester increases 
from 0*953 to 1*047. The benzyl ester becomes yellow and 
pasty, and after a week forms a liquid. On account of its 
low m. p. it is very difficult to prepare in hot weather. 

Silver Hyponitrite . — Great care is necessary in the pre- 
paration of this salt, since otherwise the product is grey, or 
even black (of. Divers, J., 1899, 47 , 07; Coblens and 
Bernstein, J. Physical Ghern,, 1925, 29 , 750). 10 G. of 
NagNjO, are dissolved in H,Q, the filtered solution made up 
to 200 O.O., and slightly less than the theoretical amount of 
10^ AgNQs aq. added drop by drop (stirring). If the solu- 
tion is added .rapidly, or a more cone, solution used, a 
considerable amount of a brown ppt, is formed, which 
requires vigorous shaking before it becomes pure canary- 
yellow. The ppt. is allowed to settle, the supernatant liquid 
is decanted, and divided into two equal parts. To one, the 
AgNOg solution is slowly added till the ppt. becomes slightly 
discoloured. The volume added is measured and the two 
portions mixed. An amount of AgNO, aq. 5 c.c. less than the 
amount required in the previous operation . is then slowly 
added and the whole is mixed with the main ppt. and shaken. 
After the ppt. has settled, the liquid is decanted and 1% 
AgKO's aq. added until the colour of the liquid begins to 
change from bright yellow to pale yellow. This liquid is 
then shaken with the main ppt., and the .remaining solid is 
washed 6— 8 times by decantation, filtered off, and dried for 
2— 3 days in vac. over HgSO^ in the dark, during which it 
must retain its bright yellow colour. It is then powdered, 
^pd op standing over-night in a vac. deefocatof fver P|0^ 



becomes perleotly dry (Found : Ag, 78>1; N, 10*7. Calc, (or 
AggNjO, ; Ag, 78.21; N, 10.16%). 

Mhf/l, n-Propyl, and n- ^{yl fff/ponitrites.^5-0 Q. o{ EtI 
(or 5-5 g. of PrI, or 6-0 g. of n-BoI) are added to 20 c. c. 
o| dry Et,0 in a. freezing .mixture, and 5-0 g. of dry powde- 
red AggN,0, slowly added. The flask is closed with a cork 
carrying a CaCl, tube and left in the refrigerator for 21 hrs. 
The solution is filtered into a large test-tube, through which 
a eurrent of dry air is slowly drawn until all smell of ether 
is removed. The ester is kept for 2 hrs, over anhyd. CaCl, 
and filtered. The esters . cannot be distlled even at low 
pressures. The amount of nitrogen evolved on hydrolysis 
by H,0 showed them to be pure. 

All the esters are easily sol, in EtOH, EtgO, and C,H,, but 
practically insol. in H,0, Ethyl hyponitrite when heated 
begins to decompose rapidly at 80— .82" and explodes, but not 
very violently, whilst according to Zorn (ioc, eit.) it is as ex- 
plosive as NCP. The propyl and the butyl ester detonate 
when heated rapidly, but with slow rise in temp, the decomp. 
is smooth and without detonation. 

Bemiyl Et/poniirite-~~From (jHgPhI (6*0 g,) and Ag,NjO, 
(4.5 g.), this ester is prepared as in the preceding cases, the 
ether being evaporated in a vac, over H,SO^. When nearly 
all the EtgO has been removed, the solid is washed with dry 
light petroleum, redissolved in the minimum of dry EtgO, 
and pptd. by the former solvent. It is then left on a porous 
plate in a partly evacuated desiccatoir containing HgSO^ and 
solid ptiraffin ; m. p. '48— -49" (Found : N, 11.9.’ Oslo, for 
PsaHiiN.O, : N, 11.57%). 

Action cf Aqmim AUoholoh the Eaters,— A weighecl 
aimonnt of ester was dissolved in 10 o. c, of ElOH and diluted 
with H,0 to 25 o. c. in a flask fitted with two delivery tubra, 
one oonneoteid with a nitrometer and the other with a COg 
generator. The flask was placed in a freesing mixture, and 



the air expelled by a oarrent of CO,. The flask was then 
heated at or, in the case of the benzyl ester, at 70— 

75^ The gas collected was insol. in EtOH and was N. Gas 


evolntion ceased after aboat 45 mins. 





Gas at 


l»/fl 

-A.- 

— 



Ester, g. 

N.T.P., c.o. 

Found. 


Calc. 

Ethyl hyponitrite 

... 0*1205 

22*0 

22.83 ; 


23.73 

•• 

ft 

... 0*0937 

17*1 

22*82 : 



Propyl 

St 

... 0*1180 

17*5 

18*54 


19*18 

Butyl 

tt 

... 0*1095 

13*7 

15*64 \ 

> 

1G*10 

•t 

tt 

... 0*0823 

10*1 

15*34 ! 

! 

JhV 

Benzyl 

• t 

... 0*1020 

9*0 

11*04'! 

1 


St 

tt 

... 0*0923 

8*2 

11*11 

[ 

11*57 

SI 

ft 

... 0*1527 

13*5 

11*05 J 

1 



Action of Phmylhydrazine on Bensyl ' Hyponitrite.-^To 
0*0677 g. of the ester, dissolved in EtOH, a solution of 
NHPh.NH, in HOAo was added, the solntion heated at 
70— 80* for 15 mins., and dilated with H,0. The pptd. 
benzaldebydephenylhydrazone, 0*0426 g. (77*7% of theory), 
was recryst. from EtOH (m. p. 156—157*}. 

Bydrolym of n- Butyl Bypomtrite.—H-h G. of the ester 
was added to ale. KOH, the solution kept at room temp, for 
5 hours, and then dilated with H,0. The liquid had no 
smell of the ester. On addition of a littlo dil. AgNO, 
aq., only a brown ppt was obtained, whereas yellow hyponi* 
trite is first pptd. even in presence of a large excess of alkali. 
When the solntion was left in the refrigerator, the smell of 
the ester could be detected after dilation for 3—4 days, but 
at no time, even after a week, when it no longer smelt of the 
ester, did the solnUon give any yellow ppt. with AgN 03 . 

BeducAm qfBemylHyponitrite by Aluminium Amalgam.^ 
0.5 G. of the ester was dissolved in dil. aq. EtOH and 1 g. of 
freshly prepared AUHg added. After standing for ^ hr. at 
room temp., the solution was poured into a large vol. of H,0 
*]and extracted with Et,0 ; the extract on evaporation at re- 
duced press, deposited unchanged benzyl hyponitrite. S7hen 



the eolation was kept at 60* for | hr., the ethereal extract 
gave a non-nitrogenona liquid, b. p. 240*, tna., benzyl alcohol. 

Reduction of Ethyl Hyponitrite by Devarda’s Alloy.— 
About 1 g. of the ester was added to 25 c. o. of 50% KOH 
solution with 2 g. of Devarda’s alloy. The distillate was very 
slightly alk. (requiring 0-1 c. c. of O-lA^-HOl) and showed a 
trace of NH 3 . It gave no carbylamine test. 

Vapour Density , — In the determination with ethyl hyponi- 
ti^te in the Hofmann apparatus, the mercnry column, on 
cooling, did not return to the original level, indicating 
decomp, at the reduced press. The modified Hofmann 
apparatus shown in Fig. I ( See J. 0. S. 1932, 2593 ) 
was then used in an attempt to determine the vapour 

pressure, but the instability of the esters renderedit 

useless in this case. The tube A is filled with dry Hg, 
and a small amount of substance introduced into it. It is 

then transferred in a deep mercury trough to the tube B, 
and the rubber stopper pressed in. The whole apparatus is 

thon immersed in a water-bath. When the bath attains the 
desired temp., B is connected with a Sprengel pnmp. When 
the mercury in A begins to fall, the pnmp is stopped and the 
manometer reading taken. The difference (cf) in the mercury 
levels is measured by a catbetometer and, after temp, cor- 
rection, is added to the manometer reading. After each 
reading the vac. can be released, whereupon, if no decomp, 
occurs, no gas will be found in A. 

For the determination of vapour density A is substituted 
by a 50-c. 0 . flask as shown dotted. After the apparatus has 
been heated to the desired temp., the pump is started, and 
the Hg in the neck of the flask adjusted to the graduation 
marl^. Decomp, can be detected as in the previous oasci 



Mdleeuiar tu&ighta the esters in iensene solution. 


Ethyl hyponiirite (If <= 1 1 1), Propyl hyponitrite (M ^ 145). 

CiH, -13.26 g.' C.H, - 13.15 g. 


w. 

d. 

M 

U‘. 

d. M. 

0^0468 

0.151* 

119.9 

0.0281 

0.076* 144.2 

0.0964 

3.322 

115.8 

0.0658 

0.179 143.4 

0.1286 

0.429 

116.1 

0.0469 

ai21 151.2 



Mean 117.3 


Mean 146.3 

Butyl hyponitrite (Jf— 174). 

Pemyl hyponitrite JIf— 242). 


C.H. -13.50 g. 

C.H. -1427 g. 

(*.0577 

0.127 

172.6 

0.0813 

0.121 241.5 

0.0643 

0.140 

174.6 

0.0602 

0.089 243.2 

0.1030 

0.226 

173.2 

0.0907 

0.135 241.5 



Mean 173.5 


Mean 242.1 


Measurements of the parachors and dipole momenta of 
the esters, and the dipole moment of nitramide, have been 
made and will be published. The parachors of the eaters 
are not in agreement with the usual formula if the usual 
values for the constants are used, but the dipole moments 
show that the formula RO.N : N.OR is very probably correct 
The dipole moment of nitramide Is large and throws some 
light on its constitution. 

One author (O.C.S.) thank the University of Bombay (or a 
scholarship and the Trustees of the N. M. Wadia Charities for 
a loan, which enabled him to participate in the work, and 
both authors thank the Chemical Society for a research grant. 


Eatt LottdoH GclUge, 

Univ»r$Uu of London. 

( lepriSted from the Josrsal of the Cbemicai Society. IfJI) 



XXXV-^lnfluenoeof Poles and Polar Unkings on 
die Course pursued by Elimination Reactions. 

Part XU. Decomposition o( Quaternary 
Ammonium Alkozides. 

Bt C. E. Inoold and C. S. Patel, 

Previoas stndies of qoatarnary ammoninm com pounds 
have shown that tho proportion in which thermal decom- 
position proeeds according to the reaction (B) whereby a 
radical from the cation appears in association with the anion, 
or’according to the alternative reaction (A), in which a radi- 
cal from the cation is eliminated as an olefin, is strongly 
dependent on constitutional influences. In particular it is 
known that a general change in reaction-direction in the 
sense B—- » A is observed on passing from an ammoninm 
compound with a very feebly basic anion such as chloride 
towards one in which the anion has the strong basicity of 
the hydroxide ion, the cation being the same throughout. 
The hydroxide ion is the most basic of those hitherto investi- 
gated in this connexion, and the present experiments were 
undertaken in order to determine whether the aforesaid cha- 
nge in the direction of decomposition continues to progress 
in the same sense when the basicity of the anion is further 
increased, beyond that of hydroxide, to that of methoxide 
and ethoxide. 

According we have prepared trimethylethylammoninm 
and trimethylisobutylammoninm methoxide and ethoxide. 
The four compounds decompose to give, on the one hand 
ethylene or tsobntylene, and on the other a methyl or an 
ethyl ether, together with the complementary amine in each 
case (of. Achmatowicz, Perkin, and Robinson, J., 1932, 500) 
The proportion of reaction A, far from being notably greater 
thin in the case of tho ammonium hydroxides, was actually 
a few units % smaller (Table), and it appears that tho replace- 
ment of reaction B by reaction A on increasing the basicity 
of the anion of the ammoninm compound does not qontiqqe ' 
Icr anio^ more basic th^tn hydroxide, 



The Prinoipal prbdaots of decomposition of benzyltrlme* 
thylammoninm etboxide are trimethylamine and ibenzyl 
ethyl ether. 

TahU ! Percentage qfBeaetim A. 

Cation. Anion OH” OMo“~. OEt~~. 

C,H,.NMe3 94 90 88 

M0.G4H8<NMe3 63 57 55 

E Z F B B I K K N T A L. 

Ethyl- isobatyl-trimethylammoninm bromides (o« 1 g.- 
mol.) were oonvorted via the hydroxides into the chlorides, 
which after thorough drying were added to an eqniv. of a 
solution of NaOMe or NaOEt in the appropriate Oa-dried 
alcohol. After filtration of the NaCl with precautions against 
access of moisture the solutions were completely distilled 
through the following train, vie., a condenser, a cooled fiask 
containing dil. HCl, a reflux condenser, a second flask of dil. 
HOI, a second reflux condenser, a cooled flask containing Br, 
a second similar flask, a drying-tube, and an aspirator. At 
the end of the dissillation the apparatus was swept through 
with 10 vols. of dry air whilst the liquid in the HCl traps 
was kept gently boiling under reflux. The excess of Br was 
destroyed with ice and SO,, and the olefin bromide extracted 
with light ligroin, washed with NaHOO, aq. and H,0, distilled. 
The figures in the two right hand columns of the table are 
based on concordant triplicate determinations of the yield of 
olefin bromide, and the figures under the heading OH— are 
taken from Ingold and Vass’s data (J., 1928, 3125). Amines . 
and ethers could not be isolated quantitatively. 

Benzyltrimethylammoninm ethoxide prepared from the 
direetly formed chloride, yielded 65^ of rectified benzyl 
ethyl ether b. p. 185", a large amount of trimethylamine, and 
a amount of a less volatile base, presumably benzyl- 

dimethylamine. 

The Univereitif, Leede. 

Uttivertitg College, LoudoH. 

( Reprioted frooi tM Joarail pf the Chemical Society. If|}. ) . 
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XXXVI— Influence of Poles and Polar Unkings on 
the Course pursued by Eliminadon Reactions, 

Part XVL Mechanism of the Thermal 
Decomposition of Quaternary 
Ammonium Compounds. 

By E. D. HnaHEs, C. E. Ikoou), and C. S. Patel 

Although the general theory of the two main modes of' 
decomposition of quaternary ammonium compounds 


+ 


RiR20H.0R*R«.NR’R”R’”JX--» 
RiR*C;CR3R* + NR’R”R"’ -j- HX 

(A) 

+ 

(R-NR’R”R’”}X— » 

RX + NR’R”R’” 

(B) 


has not been treated in this series since the appearance of 
Part I Hanhart and Ingold, J., 1927, 997), yet the point of 
view underlying the more recently recorded experiments has 
developed appreciably in the meantime. 

Reaction (A).— The conception of reaction (A) advanced 
in Part I may be symbolised as follows : 

H X 

I 

B’R2C— >CR»R*-^NR’R”R’”— » 

R1R*C:CR*R* + NR’R”R’” + HX (A2) 

The equation depicts, first, predisposition towards reaction 
arising from the incipient ionisation of the /S-hydrogen atom 
induced by the electron-attraction of the ammonium pole; 
and secondly, the actual process whereby the j3-proton is 
attracted by the anion with the assistance of octet-preserving 
displacements of electron-duplets towards the pole of the 
cation. Wide variations in the structure of the ammonium 
compound have been shown to affect the reaction in the ma-^ 
nper ^etpanded h^ this xpochanism. 



im) 

The above desoription requires that reaction (A) be of the 
first order with respect to each of the participating ions 
and therefore of the second order with respect to the ammo- 
nium compound. The numerical part of the description 
(A2) is intended to symbolise this dynamical character 
( vide infra ). ‘ 

In part XY (preceding paper) it is shown that the dyna- 
mics of the decomposition of j8-phenylethyltrimethylammo- 
nium hydroxide (reaction A) conform to the requirements of 
mechanism (A2): and we regard this demonstration as indi- 
rect evidence that second-order dynamics govern the decom- 
position (reaction A) of all ammonium compounds in which 
the incipient ionisation of the j3-hydrogen atom is not greater, 
and the basicity (proton-affinity) of the anion is not less, than 
in jS-phenylothyltrimethylammonium hydroxide. For exam- 
ple, the formation of any purely aliphatic mono-olefin from 
a quaternary ammonium hydroxide or alkoxide (Part XU, 
this vol., P 68.) may be considered to proceed according to 
mechanism (A2). 

Starting from any of the ammonium compounds referred 
to in the last paragraph, we now imagine progressive 
changes of structuro which (a) increase the hydrogen- 
polarisation in the cation, and (jb) decrease the 
proton-affinity of the - anion. Evidently a state will 
nltimately be reached in which the anion (a) is not required, 
and (6) is structurally unable, to assist effectively in the 
extraction of the /8-proton. In these circumstances reaction 
(A) must be a two-stage process such that the cation and 
anion are concerned in separate stages : 

H 

I 

I >1^ ,^4’ 

B1R*C CR»R* — NR’R”R”,-^ 

+ 

R'R»C:CR3R,-|-NR’R”R'”.|-Il8olvated 

r + + I (Al) 

X + Heolyated^ • HX + solvent J 

.-V o* 



Thus vt9 are led to envisage a second mechanism, here de-^ 
signaled (Al), which is •of first order with respect to the 
cation, of zero order with respect to the anion, and thus of 
order unity with respect to the ammonium compound. 

Examples illustrating this niechsnism are given in Part 
Xy {loc. cit ), Starting from /3-phenylethyltrimethylammon« 
ium hydroxide, the hydrogcn>polarisation in the cation is 
increased by the introduction of a nitro*groap and the basi* 
ci^ of the anion is decreased by replacing it by a halide ion. 
The decompositions (reaction A) of the resulting j6*p-nitro* 
phenylethyltrimethylammonium bromide and iodide were 
each found to be unimolecular with respect to the appropriate 
Salt, and both salts gave the same velocity coeificient. 

In relation to these examples, the first stage of mechanism 
(Al) may require subdivision by the introduction of a 
hypothetical, and presumably unstable, intermediate betaine; 
the ammonium cation would then be regarded as a definite 
acid of which the betaine is the conjugate base and the 
immediate precursor of the olefin: 

+ ^ 

R»R*CH.0R» R*.NR’R”R”,“^ 

— + + 

RiR2C.CR»R« .NR’R”R’” +H8olTBted 

RiRS(j OR*U* NR’R”R*"— > 

R*R*C:CR*R* + NR’R”R’” 

If ki and k^ are velocity coefficients representing respectively*, 
the rate of dissociation and of formation of the acid, whilst 
kt similarly specifies the speed of fission of the base, then 
the experimental unimolecular coefficient, k, has the form, 
k\k,l{k,['E-]+k^). A definite dependence of k on [H-] has 
been observed and its direction is consistent with the formula 
given. This is the reason for the suggested sub-division, 
•which, however, is not regarded as necessarily a general •• 
feature of mechanism (Al). 



Thn0 the original conception of reaction (A)« repreaentcd 
in mechanism (A2), is now generalised by the con temp lation 
of a graded range of mechanism, (A2)-— (Al), of which the 
extremes have been illustrated. 

Beaetim (£).— In the representation of this reaction ad* 
vanced in Part I (ioc. cit.) two stages are distinguished : it is 
assumed that the cation suffers fission without the direct 
intervention of the anion, which only subsequently unites 
with the ejected radical : 

+ + 

R— NR’R”R”’— »R+NR’R”R”’ 1 

+ - > (Bl) 

R+X-->RX J 

This mechanism, designated (Bl), represents a reaction 
which is of first order with respect to the cation, of zero order 
with respect to the anion, and therefore of first order with 
respect to the ammonium compound. It has afforded a con- 
sistent explanation of many phenomena, but recent investi- 
gation, both by von Braun and his collaborators and by our- 
selves, has revealed four difficulties in its general application. 

First, von Braun et at, studying the decomposition of tri- 
methyl-n-decylammonium hydroxide in dilute solution at 
constant volume, found that the ratio of the quantities of 
methyl alcohol and decylene eliminated in the same experi- 
ment did not .‘depend on the initial concentration of the 
ammonium hydroxide {Anncdm, 1929, 472 131; qf. Ber., 19.31 
64 , 2610). This result shows thst reaction (A) and (B) are, 
in this instance of the same order, but it doos not determine 
the order. We combine it, however, with our dynamical 
study of reaction (A) (Part XV, loc. cit,\ which as tho previ- 
ous section shows, requires the elimination of decylene to 
be bimolecnlar. It follows that the elimination of methyl 
alcohol is bimolecnlar, contrary to the reaction order requir- 
ed by mechanism. (Bl). 

Secondly, an investigation into the decomposition of 
benxhydryltrimethylammonium hydroxide in dilute Soln- 



tion at constant volnme has shown (Part XIII, this toL, p. 69) 
that the ratio of the quantities of benzhydrOl and methyl 
alcohol eliminated in the same experiment is strongly depen- 
dent on the initial concentration of the ammoninm hydroxi- 
de. The ratio is also changed by the initial addition of ex- 
traneous hydroxide ions. Both results are indicative of the 
existence of simultaneous reactions of different orders, and 
a satisfactory interpretation was found to follow from the 
assumption that the elimination of benzhydrol and methyl 
dloohol are reactions of the first and second order respectively 
Once again the elimination of methyl alcohol exhibits dyna- 
mics contrary to the demands of mechanism (Bl). 

The third difficulty is that, although until recently all the 
available observations concerning the relative facility with 
which those groups which cannot appear as an olefin become 
eliminated as alcohols from quaternary ammoninm hydroxides 
were consistent (Part I, loc, ciQ with mechanism (Bl), yet 
one clear case contrary to this mechanism has been observed 
(Part XI, this vol., p. 67) in the exclusive formation of me- 
thyl alcohol and the complementary amine from trimethyl- 
nsopentylammoninm hydroxide; for mechanism (Bl) requires 
that the group with the greater tendency to separate as a ca- 
tion should preferentially be eliminated as alcohol, and. 
evidently electron-release from the fcrf.-bntyl portion of the 
neopentyl radical should facilitate the formation of the co- 
rresponding cation, wherefore neopentyl alcohol rather than 
methyl alcohol should have been eliminated. 

The fourth and last point has 'reference to the widely 
observed phenomenon that, when the decomposition of an 
ammonium salt with a feebly basic anion (e,p., a ohoride) 
is compared with that of a corresponding compound having 
the same cation but a much more strongly basic anion (c,p„ 
the hydroxide), reaction (A) assumes considerably greater 
relative importance in the latter case, This is consistent 
wi^ the operation of the combination of meohanismg (A9) 



and (Bl) (of. Part I, he. ait.), and wbiUt the hydroxide ion 
remained the moat basic of those investigated in this con- 
nexion no difflcalty with this interpretation arose. Bat an 
extension of the comparision by the inclusion of alkoxide 
ions (Part XII, this vol„ p, 68) has revealed that the sappres- 
Sion of reaction (B) in favour of (A) does not continue .when 
the basicity of the anion is increasen beyond that of the 
hydroxide ion. This effect cannot be ascribed to the opera- 
tion, over the extension in the range of anions, of the <^om> 
bination of mechanism (Al) and (Bl), for it will he clear 
from the preceding section that any increase in the basicity 
of the anion must tend to strengthen the retention of 
mechanism (A2). The effect referred to must therefore be 
attributed to some failure of mechanism (Bl). 

Commencing with any case to which mechansim (Bl) 
applies, let us imagine changes of structure which (a) de- 
crease the cationic stability of the eliminated group, and (6) 
increase the basicity, or, more generally, the nucleophilic 
tendencies, of the anion. Eventually a state must be reach* 
ed in which the intervention of the anion (a) is necessary 
for, and (&) is effective in, the elimination of the group. 
The process will now occur in once stage as in the scheme ; 

+ r C- 

|R’R’’RR”’N R| X — » R’R’’R’”N -f-RX (B2) 

According to this mechanism reaction (B) is of the first order 
with respect to each ion, and hence bimolecnlar with respect 
to the ammonium compound, wherefore the mechanism 
receives the designation (^2). Thus prises the possibility, of 
a generalisation of the mechanistic theory on the lines already 
Illustrated in relation to reaction (A). 

Before pursuing this conception, it is necessary to refer to 
the alternative suggestion by von Braun et al. {he. cit.) that 
reaction (B) is a decomposition of the un-ionised ammonium 
ii!yd|rf xide molecule : 



|RIl’R”R'’’N}OH 

RR’R’’R”’N.OH > 

R.OH + R’R”R’”N (B’) 

Two series of special experimeDts, relating to the decom- 
position of trimethyl-tt-decyl-ammoninm hydroxidoi were 
held to support this view. First* it was found that the 
addition of glycerol to the ammonium hydroxide decreased 
the proportion of deoylene formed and thus augmented the 
proportion of methyl alcohol; and it was argued that the 
glycerol, by repressing the ionisation of the ammonium hy^ 
droxide, should favour the molecular reaction (B) at the 
expense of the ionic reaction (A), though possible distur- 
bance through the formation of ammonium glyceroxides was 
admitted. Secondly, it was observed that the addition of 
potassium hydroxide increased the proportion of deoylene 
and decreased that of methyl alcohol; and the argument on 
this point was that, although extraneous hydroxide ions, by 
repressing ionisation, must fecilitate reaction (B), yet, becna- 
se the consentration of molecular ammonium hydroxide is 
in any circumstances small, therefore this effect must be 
small in comparison with the direct, accelerative effect of 
the added hydroxide ions on the ionic reaction (A). 

We accept Sidgwiok’s principle whereby the formation 
of an nn-ionised. quaternary ammonium hydroxide is impo- 
ssible, and accordingly regard all decompositions of ammoni- 
um compounds as exciusively inonic. Concerning the effect of 
added glycerol, we concur in the suggestion relating to the 
formation of glyceroxides. Regarding the effect of added 
potassium hydroxide wo would remark, first,' that the argu- 
ment based on this effect is contrary to the mass law, and 
secondly, that von Braun and his co-workers themselves 
have shown that in aqueous solution reactions (A) and (B) are 
equally affected by hydroxide ions. Furthermore, we ima- 
gine that the nn-ionised molecule is expected to be mon 
pleqt^fnl iq (hp fused ammonium hydroxide than in dilute 



aqaeoas solution; wherefore, according to scheme (B*), 
the proportion of reaction (B) might be expected to be 
greater in the former case, contrary to the observations. The 
foregoing comments will not obscure the circumstance that 
von Braun’s scheme (B’) requires the same reaction order 
as our scheme (B2). 

Returning to the considertion of mechanism (82), we first 
observe that, in each of the cases in which the application 
of scheme (Bl) hes led to inconsistencies, the ad hoc intro- 
duction of its alternative (B2) would interpret the observa- 
tions. It provides the dynamics which are required in re> 
lation to the elimination of methyl alcohol. It accords with 
reaction inhibition by electron release, and thus interprets 
the case of the nsopentyl group (MegC-— since polari- 
sation in this direction most oppose the address of the anion. 
Also, mechanism (B2), like (A2), depends on the basicity of 
the anion, and this circumstance accommodates the observed 
absence of any marked change in tho direction of decompo- 
sition on replacing the hydroxide ion by the more basic 
alboxide ion. 

On the other hand, it is equally evident that no general 
application of mechanism (B2) is possible; for the reasons 
which led originally to the proposal of mechanism (Bl) still 
bold, and in addition we now have direct evidence for un- 
imolecnlar dynamic in the elimination of benzhydrol, and 
indirect evidence for-the same mechanism in the case of the 
elimination of triphenylcarbinol (Hugos, Part XIV, this vol., 
p. 75}. Both mechanisms must be envisaged [this was done 
in Part I, but (B2) was not regarded as important]. 

The circumstances which theoretically should determine 
the replacement of one of these mechanisms by the other 


are clear. In the molecule |RR’R”R’”N|X, if either (a) the 
cationic stability of R is progressively increased, or (5) the 


<)asicity of X is progressively decreased, then a stage should 
)>e reachecl at which mechantem (B2) becomes superseded by 
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(61) . It remains to show that this theoretical relation corres- 
ponds to known experimental data. 

The effect of changes of type 'a) in tbo cation may be 
illnstrated first by reference to alkyl groups. Concerning 
the series GHg*, AlkCH,-, Aik, OH*, Alk^C*, it is known that 
methyl and fcrf-bntyl groups are readily eliminated as 
alcohols from quaternary ammonium hydroxides, whilst 
primary and secondary alkyl groups are not (cf. Parts I and 
?I. hcc, dtM thus the property of facile elimination in the 
form of alcohol passes through a minimum in the aeries 
considered. 

The circumstance may be interpreted as follows. From 
left to right in the series the inductive effect of the alkyl 
components produces a progressive increase of electron 
density at the point of attachment of the whole group. This 
electron density is lowest in the methyl group and it is 
consistent that this group suffers elimination by mechanisn 

(62) . As explained in connexion with the neopentyl group, 
the first effect of the introduction of alkyl components in 
place of hydrogen is to suppress reactivity by mechanism 
(62), and, apparently, one alkyl substituent is sufficient to 
render it immeasurably small. Mechanism (81), however, as 
is evident from its nature, must be facilitated by alkyl substi- 
tution, BO that at some stage in the series reactivity by this 
alternative mechanism should rise, to an appreciable value; 
and once this mechanism takes control of the decomposition, 
further alkyl substitution must enhance reactivity. This 
explains the minimum occurring in the series, and we expect 
similar conditions to apply in analogous substitution reactions 
such as the alkaline hydrolysis and alcoholysis of alkyl 
halides. 

The corresponding theory of the aralphyl series OH,*, 
ArCH,., Ar,CH*, ArjC* is different because the polar effect of 
t)to phenyl substitucpt -is elrctromerlc gnd duplex, and thi| 



groop tbns adjusts itself to tbe requirements of the 
system. In mechanism (62 ) it is difficult to state what 
those requirements are, since at tbe moment of reaction the 
aromatic electrons are simultaneously under the opposing 
influences of the ammonium pole and the attracted anion. 
In mechanism (61), however, an integral cationic charge 

requires dispersal, and accordingly electron release 
from the aryl groups must be maximal. Hence in reaction 

by mechanism ( 62 ) progressive substitution by aryl 
groups is expected to produce comparatively small effects (in 
either direction), but in reaction by mechanism 61) each 
additional aryl group should greatly enhance' reactivity. 

Thus, this series also should contain a point at which 
mechanism (61) supplants (62), The point of supersession 

need not, however, be associated with minimal reactivity, 
but it should have the property that the portion of the series 
to its left should show slight (possibly irregular) effects, and 
that to its right a large enhancing effect, of the aryl groups 
on reactivity. 

In the series, OHg, CH,Pb, CHPh,. CPbs, observations 
are available (of. Parts XlII and XIV, loco, dt.), and the pre< 
ceding statement faithfully describes them. The point of 
supersession occurs at CHPh,, and, independently of tbe in- 
dication provided by the observed differences of reactivity, 
the alteration of mechanism is clearly established by dyna- 
mical evidence. The expectation that similar conditions 
will prevail for other aliphatic substitutions such as the 
alkaline alcoholysis or hydrolysis of corresponding halides 
is supported by the observation (Ward, J., 1927, 2285) of a 
change from second- to first-order dynamics in this reaction 
on passing from a benzyl to benzhydryl chloride. 

Effects qf type {h) to be expected from changes in the 
anion may be illustrated by means of a series such as 0£V, 
OH’, OPh’, OAc’, Cl», the order being that of decreasing 

basicity. In general, there will be a point such that, to its 
^ft mechanism (62), and to its right mechanism (61), coh- 

trqlg rqact^on (6). 4>Baminp that a gimpltanqous reaqtib^ 
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(A) is ’controlled by meohanism (A2) throaghoatk -then to tbe 
left of the point of meohanietio replaoemeht both reactions 
(A) and (B) are similary dependent on the anion, changes 
in which will not mnchlalter the direction of decomposition, 
whilst to the right of the same point reaction (A) alone will 
depend on the anion, a decrease in the basicity of Which 
should therefore favonr reaction ^B). The above will be 
recognised as a description of the corresponding observations 
(ef. Parts I and XII), which formerly could not be re- 
c'onciled. 

When the yarioua series can be more fully filled in, what 
has been described as a ‘‘point" of 'mechanistic change will 
probably appear as a region, and thus, just as with reacUon 
(A), we now generalise the original conception of reaction (B) 
by the contemplation of a range of mechanisms, (Bl) — (B£), 
both extremes of which 'have been experimentally exempli* 
fied. Most aliphatic snbstitotlons can with advantage be re* 
garded analogously, and the dines along which this further 
generalisation would proceed will become evident on com* 
paring the foregoing with a previous discussion of aliphatic 
substitutions in the side chains of aromatic compounds 
(Ingold and Rothstein. J., 1928, 1217 ; of. Ingold and Patel, 
J. Indian Qhem, Soc., 1930. 7 95). 

XTmwrtUy Qolltge, London, 

C Rsprloted from the Josraal of the Chemical Society. ) 

f 



XXXVlIt— Interaction of Seleninni Ozjdilorido witk die 
anbstitated Anddea of Malonie Add 

Bti B. E- Tbivbdi. 

Ever since the study of the nature of the hydrogens of the 
reactive methylene (GHg) group situated between two 
negative groups was undertaken in these laboratories, efforts 
have been made to replace these hydrogens of the reactive 
methylene group by various groups and to study the effebt 
of the adjacent radicals on such replacements. The chlorides 
of sulphur gave many fruitful results. Sulphur mnnoobloride 
gave dithiohetones and dithioethers, (Naik, J. 0. S. T. 1921,, 
379* 1166); while sulphur dicbloride sielded compounds 
of the type 

R. NH. CON /SCI 
C 

R. NH-CO/NSCl 

(Naik A Jadhav, J. t. 0. 8. 1926, 8, 260). 

Reactions with Thionyl chloride also gave two types of 
products: 

(i) Snlphoxides 

and (ii) (Sulphides. (Naik A Parekh, J. I. C. S. 1930, 7, 145). 

From the study of these interactions it was expected that 
the chlorides of selenium, being of a nature similar to tbit of 
.sulphur chlorides, would also react in a similar manner. A 
study of the interaction of selenium tetrachloride with 
substances containing reactive methylene group or a sub* 
stituted methylene group revealed the formation of the 
selenides of the type : — 

R. NH. CON /CO. NH. R 

C : Se : Se : 0 

e R.NH.CO/ NCO. NH. R. 

(Naik & Trivedi, J. I. 0. S., 1980, 7, 289.) 



la the present study it was thoaght interesting to study 
the interactions between selenium oxychloride ( SeOGlg ) and 
substanoea containining the reactive methylene group situated 
bitween two carbonyl groups. For these purpose the following 
substances were selected 

(1) Malonanilide (OeHiNH. OOlgCH, 

(2) Maloh-diortliotolyl amide. (G,H,NH. CO], CH, -ortho. 
(2) Malon-diparntolyl amide. (CtHfNH. GO), CH, -para. 
It was expected that as in the case of the interaction of 

these substances with thionyl chloride ( Naik & Parehh, loc. 
oit ) this reaction would also yield the Selenoxides of the 
type : — 

B. NH. COS 

C : Se : 0 
R. NH. 00/ 

The corresponding sulphoxides obtained by Naik & Parekb 
(loo. oit.) were given the structure 

R. NH. CON 

0:8:0 
R. NH.CO/ 

Accordingly, the reaction of selenium oxychloride with 
malonanilide was studied at the outset Selenium oxychloride 
and malonanilide in anhydrous ether at room temperature 
gave dichlor-malonanilide and selenium as follows : — 

C.HjNH. CON C.H.NH. CON 

OH,+SeOCl,= CCl,+H,0+Se 

CgH.NH. CO/ 0,H,NH.C0/ 

In boiling anhydrous bensene the reaction proceeded in a 
different way and the product obtained was identified as 
mesoxanilide m. p. 191^. This subtanoe has also been pb* 
tained by J. U. Nef (J. 0. 8. A., 1892, 62, 1440). The interao* 
tion could be represented as taking place in two stages : At 

first the selenoxide is formed : 

C,H,NH. CON C.HgNH. CON 

GH,-|-SeOCl,s C : Se : 0+2BC1 

0,H5NH. CO / 0,H,NH. CO / • 

(1) Malonanilide-sdenoxide. 



In the next stage the snbstanee (1) seems to decompose as 
under ' 

0,H,NH. COjv O.EaNH CON,' 

C : Se : 0 s 0 : O+Se 

0,H,NH. CO/ C,H,NH,CO/ 

(II) Mesoxanilide. 

That the subetanoe (I) m ^y decompose to give rise to 'II) is 
not surprising in view of the experimental conditions, as also 
in view of the fact that the selenoxide is more unstable than 
the corresponding snlphoxide. . This is also supported by an 

observation vis “the selenium atom is far more labile 

than the sulphur atom in the corresponding thiocompounds." 
(Schmidt, Ber., 1921, 54 (£; ,2067.2070). 

The interaction of malondiorthotolylamide and malondi* 
paratolylamide with selenium oxychloride followed the same 
course giving rise to the respective mesox-derivatives as 
follows 

0,HrNH. COS CtH,NH. COS 

CH,+SeOCl,» C:0>2HC1+Se 

C,HtNH, CO/ C»H,NH. CO/ 

E X p K B I K E N T A L. 

(0 Intaraetion of malonanilidt vnih SMsnmm oxydhlariioi 

Egnimolecular quantities of selenium oxychloride and 
the amide were kept suspended in 50 o. o, s of anhydrous 
ether prepared by distilling it over ^sodium as well as over 
phosphorus pentoxide,; The amide went, into solution- -very 
slowly and during the interaction hydrogen chloride was 
found to evolve imperceptibly, after standing for 24 hours 
the dark red reaction mixture deposited fine silky needles. 
This reaction product ( in the case of malonilide ) was 
purified when fine white needles were obtained* On analysis 
and further identiflcation these were revealed to be the 
orystala;of dlchloromalonanilide, m. p. 127*C. (Naik A Shah, 
#. I. C. S., 1927, 4,* 11). The mother liquor was allowed to 
stand for« few days more but nothing separated out exisept 



a film of grey, metallio eeleaiom. The reaction seems to take 
place as represented on page (298) 

It was' then thought interesting to revise the experimental 
conditions to 'see if each a revision secured different results. 
The reaction was, accordingly, carried out in boiling an- 
hydrous benzene solution with eqnimolecular quantities 
(Malonanilide 5 gms. and selenium oxychloride gras.) of 
the reactants as in the previous case. After refluxing for 24 
hours a dark, red solution of the reaction product was 
obtained. This was concentrated and waa then added drop* 
vrise into a large amount of petroleum. A resinous led 
product was precipitited. This was isolated from the benzene- 
petrol mixture and was redissolved in bensene. This solu- 
tion was refluxed with freshly reduced copper-gauze in order 
to remove the free selenium which might inhibit the crysta- 
llisation of the pure substance. The pure product was 
obtained after six such attempts at purification. The product 
was found to be a pale yellow microcrystalline powder with 
m. p. 191”C Selenium as well as chlorine were found to be 
absent in this product On analysis and further identification 
this substance waa found to be mesoxanilide, (Nef, J. C.S. A., 
1892, ejg, 1410; Annalen, m, 267>3.35). The product 
obtained herein combines readily with water and with alcohol 
to form colourless hydrate and alcohol respectively. It also 
combines with phenyl hydrazine in dry benzene solution. 
All these reactions are shown by the mesoxanilide m, p. 
190<>O. obtained by Nef ('loc. cit ). [Found; 0 : 67-06; H, 
4*49; and N, 10*5; C,b requires 0. 67.16; H, 

4<48 and N. 10.45. 

The mixed melting points of the products as prepared by 
Nef’s (loc. cit) method and as prepared as described herein 
confirms the identity of the product obtained herein. 

(II) Interadtion qf Malondiortfiotolf/lamide u/itA aeltnitm 
oxythUride : 

' The reactants were taken in eqimoleoular quantities as in * 
the piipvious cqse and th^feaction product vvas obtained [q 
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exactly tbe same way aa deaoribed above. It was obtained 
after purification in the form of yellowish miorO'Cryatalline 
powder melting at 173*0. [Found : 0, 68*fi5; H, 5«5: and N, 
9«5; Oit Og requires 0, 68>9 H, and N. 9«46. ] 

The substance gave a hydrate on boiling' with water. This 
hydrate was obtained in the form of colonrless needles which 
tnmed yellow at 100*0, and melted at 127-130*0. with deoom* 
position. It turns bine litmns red and is soluble in dilnte 
solntion of sodinm carbonate 

{III) lnteraaH<m <rf wth $d$nwm 

imi/tMoride, 

Mesoxdiparatolylamide was prepared in exactly the same 
way as the corresponding ortho .derivative. The pnre pro* 
dnct melted at 187*0. [ Fonnd 0, 68 > 8 ; H, 5*35; and N, 
9»55; Oif Hjg N, Oa requires 0, 68«9; H, 5*4 and N, 9<46.] 

The product when boiled with water gives a hydrate 
which is obtained in the form of colonrless needles melting 
with decomposition between 122 — 130*0. Mesoxdiparatolul* 
dide hydrate. 0 (0H),[0(0H;: N. Og H 4 Me]g melts between 
120, 130*0, (W. B. Smith, Amer. Ohem. 16. 372; 393; J. 0. S. 
A. 18J4, 66 , 407), 

The author takes the opportunity to thank the Univer- 
sity of Bombay and the Government of Baroda for research 
grants which defrayed the expenses in connection with this 
investigation. lie is also thankful to Dr. Naik, for exten- 
ding useful help from time to time. 

Chmittry Dtparinmt, 

Tht Colltf/4, Baroda. 
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' Ubei EiiUge Neue Abbauprodukte Des 

Digitogenins 

von 

A. WiNDAUB AND S. V. Shah 

In Anachlnsa an frnhere VerBuchevon Eiliani^ haben vrir 
die Einwirknng von Salpetersanre anf Derivate des Digito- 
genina (I) atadiert ond zunachat die Digitoaanre (II) and die 
' Oxydigitogensanr (VII) mit dieaem Oxydationamiftel 
behandelt. 

, (/) Eiwwirhing von Salpdereauro anf LigiioBanro 
Digitosanre iat eine* Eetodioarbonsauro von der Formel 
C 2 «H 0 gOr, aie enthalt noch 3 hydrierte Binge, 2 Carboxyl* 

gmppen, 1 Eekogruppe and 2 oxydartiggebnudeneSanerstofE* 
atome. 


CHOH CHOH 
H,C CH CHOH 


ILC CH C 
N/\/ 
CH CH 

I i 


k 


0 - 

I 


-CH, 


0,H,. CH. CH. CH,. CH,. CH. CH. ck 
I CH 3 I CH, 

0 ^ 



( I ] Digiiogenin. 
CO COOH 
/N/ 

H.C CH COOH 

H,C ck cll, 
N/N/ 

CH CH 


0 - 

J 


-CH, 


O.H,. CH. OH. OH,. CH, CH. CH. CH. 
I CH. i I 

. ri ) OHa 


( n ) Digiiotawre. 
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Digitosaore liefert bei der Ozydation mit Salpetersanre 
eine sohon krystalliaierte Satire, die vier KohlenatofPatome 
'weniger enthalt ala daa Aaagangsmaterial and die Formel 
C||H 3 ,OioN besitrt; aie gibt einen kryatalliaierteu Dimethyl* 
eater, in der Kalte titriert aie aich zweibaaiach, beim Erwar- 
men mit Alkalien apaltet aie aalpetrige Sanre and vielleicht 
anoh Salpeteraanre ab and geht in barzartige Prodnkte uber; 
bei' der Oxydation mit Kalinmpermanganat gibt aie eine nene 
Sanre, die aich ala dreibaaiaoh erweiat nnd vielleicht die For- 
mel C„HgoOio beaitzt. Ea iat nicht moglich, anf Ornnd dieaer 
Befnnde den Verlanf der Reaktion klar za nberaehen. 
Bemerkehawert iat ea aber, dasa anoh die-Gitogenaanre (III) 
beim Erwarmen mit Salpeteraanre 4 Eoblenatoffatome aba- 
paltet; dieae Abapaltnng erfolgt ana der Seitenkette and 
fnhrt zn einem Lacton CgjHgjOe ( IV ). 

OH, COOH 

/S/ 

H,0 CH COOH 

H,0 CH CH, 

. \/\/ 

.CH CH 

O^H-CH, 

I 

O.Hn, CH. CH. CH,. CH,. CH. CH. CH. 

I CHs I CH, 

0 1 

( III j Qitogeimutv. 

CH, COOH 

/N/ 

H,C CH COOH 

I I I 

H,C CH CH, 

CH CH 

0,H,. Ch! Ch! CHr OH,. CO 

I 

( IV ) laetcn 
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Es ist wahraoheinlicht daas aach die 4 Eohlenatoffatome, 
di? ao8 dor Digitosanre abgespalten vrerdon, aaa der Seiten- 
kette stammen; hierbei entsteht aber keiu Lacton, Bonderiit 
wie ea seheint, ein Ester der salpetrigen Satire Oder der Sal- 
petersanrei Wir haben uns lange nm eine Deatong dieser 
Beaktion bemnht and Bind zn der Vermntnng gekommrnt die 
nene Yerbindnng C„H,jOioN sei der Salpetersanreester 
eines Lactola. Der Abban der Seitenkette ware dann folgen* 
dermassen zn formnlieren : 


C,H,. CH.CH.On,. CH,. CH.CH. CH. 

^ CH. *1 CH, 

J I ONO, 

^hT. CH. CH. CH,. CH,. CH. 

I CH. I 

Allerdings kann sich die Oxydation nicbt auf diesen Vor* 
gang beschranken, da das Reaktionsprodnkt dann nnr 9 
SanerBtoffatome enthalten wnrde, wahrend die ricbtige For- 
mal C,,H 3 ,OioN lantet. Yermntlich wird gerade wie beim 
Ubergang der OxydigitogenBaure C 2 eH 3 gOg in Digitsanre 
C,eH,,Oio nooh ein tertiar gebnndcnes WasBeratoffatom zn 
Hydroxyl oxydiert worden aein. 

Wir erteilen also der Sanre C 22 H 3 iOjo^ die formal Y 
nnd erklaren nns die Bildnng des Oxydationsprodaktes 
C,,H3oOio (YI) bei der Einwirknng von Permanganat bo, 
fiftiM der Salpetersaareester des Lactola znm Lacton oxydiert 
wird nnd dasa der oarboxylhaltige Ring genan so aafgeapal- 
ten wird wie beim Ubergang der Digitosanre (II) in Oxydigi- 
togensanre (YII). 



CO COOH 
/N/ 

H.0 OH COOH 

H,o cin OH, 
\/N/ 

OH OH 

f I 


ONO, 

0,H,..CH. OH, CHr CH,. OH. 

I CH. I 

0 ^ f 

( V ) Saure 0„H, lOjoN 

COOH COOH 

/ / 

H,C CO COOH 

I i f 

H,C OOH CH, 
\/N/ 

CH CH 

) I 

———————A., II — 


C,H,. CH. CH. CH,. CH,. CO 
I CH, I 

O 


( VI ) SOiUTi ^22^30^10 

(11) Einwirkttng von Salpetereawre mf OttydigUogen- 
nmre. 


Bei der Oxydation der Oxydigitogenaaare (VII) mit 
SalpeterBanre entsteht eine kryatallisierte SaTueC,,H 2 iO,,N 
(VIII); sie ist dreibasisoh and -liefert einen kryatalliaierten 
Trimethyleater (IX): beim Erwarmen mit Ealilange apaltet 
aie aalpetrige Sanre and vielleioht Salpeteraaare ab and geht 
in ein haraartigea Produkt aber; boim Erbitzen dea Trime* 
thyleatera C,«H,,OiiN im Hochvakuam apaltet er aalpetrige 
Saare ab and gibt einen kryatalliaierten Eater 0 , 4 H,a 09 (X). 
der bei der Veraeitang eine Tricarbonaaare C^HgoO, liefert. 
Dieae Sanre enthalt, wie die Titration beweiat, anaaer den 3 
Gbrboxylgrappen 1 Laotongrnppe and anoh eine naoh Zere* 
witinoffa Methodenaehweiabare Hydroxylgrnppe. , 
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Eine Deatong far den ReaktionSTerlant versnchen wir 
bier aaf demselben Wege zu finden wie bolder DigitoBanre. 
Nach den frnher angestelUen Ermittlnngen besitzt die Oxy- 
digitogenBaare (VII) wahrBoheinlich die Formel einer oc-Keton> 
Banre; bei der Behandlang mit SalpeterBanre verliert Bie nioht 
1 Eohlenstoflatome 'wie GitogenBanre and Digitosanre, Bon- 
dem 5. Wir nahmen an, dasB 4 Eohlenatoffatome ana der 
Seitenkette Btammen and eineB anf der Qrappe. CO. COOH. 
Ferner wird aaoh bier ein tertiareB WaBBeratoffatom zn Hydr* 
oxyl oxydiert, bo daaa aich der tJbergang der Oxydigitogen- 

aaure (VII) zur Sanre CjiHgiOtiN (VIII) folgendermasaen 
darstellt : 

COOH COOH 

/ / 

H.C CO COOH — » 

H,c in o*H, 

S/N/ 

OH CH 

I I 

r- — V 

0 OH- 

‘ I 

CgH,. CH. CH. OH,, CH,. CH. CH. CH 

I CH, I CH, 

. 


( VII ) 

COOH 

/ 

H,C COOH COOH 

I I I 

H,0 O.OH OH, 

•S/N/ 

OH OH 

I. I 

t I "I " ' •** • * III mm mm tmm i i i ^ 

ONO, 

CgH,. CH. OH. OH,. CH,. CH 


< VIH ) 8mm O^i^axOnV 


39 
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Wir weisen aach hier naohdftioklich darauf bin, dass 
dieso vorlanfige Dentung dea Beaktionaverlanfea aioher 
verbeaaerangebednrftig iat; immerhin gelingt ea, anob daa 
Verhalten dea Trimetbyleatera G24H37O11N (IX), der bei der 
Deatillation salpetrige Saar verliert and einen Bater 0s4Hag' 
00 (X) entatehen laaat, duroh dieae Formalierang zo 
veranachaulioben : 

COOCH- 

/ 

H,0 COOCH, COOCH, 

II I 

H. C C-OH CHa 
N/N/ 

CH CH 

^ l__i 

' O/NO, 

O.H*. CH. CH. CHj. CHo. CVH 
I CH, ‘I 

0 1 . 

(IX) 

COOCH, 

/ 

H,C COOCH, COOCH, 

I I I 

HjC C-OH CH, 

S/N/ 

CH CH 

c,H.. CH. cn.ra7 «h7.'co 
CH, I 

(X) 

(HI) OceydaUon der D^itogensaure mU halter Ohrom,’ 
eavkrdoaiung. 

Wie bereita in der Arbeit von Windana and Willerding* 
mitgeteilt vrorden iat, entateben bei der Oxydation der Digi* 
togensanre mit beiaaer Chromaanreloaung 3 Sanren, eine 
fentaoarbonaanre C,,H3s(3e)Oi2, eine Tcicarbonaanre C2e* 
gO, and oc-Methyl-glntaraanre. Die Saare CggH,,0^.di9 



Belbat nioht krystallisiert, warde dnroh ihren Bchonen Tritue- 
thylester oharakteriBiert, Wir baben non geCnnden, dass 
dieae Sanre OgsHsaOg sohon mitkaltsr Chromsaarelosung auB 
DigitogeoBanre gebildet wird. Wir glauben darnm, dass der 
carbonylhaltige Bing der Digitogeiiaanre nnverandert geblie- 
ben iBt. und daBs die Seitenkette in der Sanre 02gH3609 (XI) 
angegriffen iat. 

Urn die Formel des Eaters CxoH 4 xO« sicherisustellen, ha- 
ben wir ihn partiell verseilt nnd haben einon einfach san- 
ren pimethylester nnd einen zweifach sanren Monometbyl- 
ester erhalten; dann haben wir don Ester 
elig nnd JodwaeBerstofEaanro behandelt nnd eind nber cin 
jodhaltiges Zwiaohenprodnkt zn einor Trioarbonaanre 
^ 26 ^ 38^8 gekommen, in der‘ angenaoheinlich der 

Oxydring anfgespalten nnd rednziert iat. 

Der weitere Abban der hier beacbriebenen Stoffe wnrde 
sioher nene Einblicke in die Konatitntion des Digitogenins 
gestatten; leider wird die Fortfnhrnng der Yersnohe dnrch 
die Eoatbarkeit des Materials aebr eraohwert. 


CO COOH 
H-C OH COOH 

? I I 

H,C CH CH, 
S/S/ 

OH CH 

I I 


COOH 


C,H,. CM. CH. CH,. CH,. CO. CH. CH 
I CH, - I CH, 

0 ' 


( XI ) SowfB OaeHssOg 

CO COOH 
/S/ 

H,C CH COOH 

hIc CH CH, 

S/S/ 

CH CH 

_I_J 

OeH,.CH., CH. CHs.OH,.CO.CH,. OH 
CHg CH, 

( XII ) Sattrt OaeHasOg 


/ 



I. Sanre C<a H,iOioN 


1 Teil Digitosaaro wird vorsicbtig mit 5 Teilen ran- 
ohender Salpetersaare (lt 6 ) nbergossen; die Reaktion ist ziem* 
licb beftig, es wird aasaer Stickoxyden anch Kohlendioxyd 
entwiokeU and die Digitosaare gebt in Losnng. Man fallt 
nacb dem Steben uber Nacbt das Oxydationsprodnkt mit 
Wasser ana and kryatalliaiert ea mebrmala ana aiedendem 
Eiaeaaig nm. Die none Sanre iat faat nnloaliob in Wasaer and 
Akber, ziemlich gat loalicb in Eiaeaaig and Alkobol. Beijm 
Erbitzen im Scbmelzpnnktarobrcben farbt aie aicb bei 230° 
braan, bei 242° iat aie vollig zeraetzt. Aaabente 20%. 

3,177 mg. Sabatanz gaben 6,571 mg. CO^, 1,906 mg. H^O. 
4,328 mg. „ „ 0,111 com N (17° 757 mm). 

0.,HajO,oN Ber. C 56,29% H 6,61% N 2,98% 
Gef. „ 56,40 „ 6,56 „ 3,01 

Titration: 6,763 mg. Sabatanz verbrancbten 0,29 com n/lO* 
Lange. 

Aqaivalentgewioht: C 22 H 31 O 10 N (zweibaaiacb) Ber. 231 
Gef. 233. 

Wird die Sanre nblicben Weiae mit 

atberiacber Diazometbanloaang bebandelt, liefert aie einen 
acbon kryatalliaierten Dimetbyleater, der nacb dem Um- 
kriatalliaieren ana Metbylalkobol bei 194 - 195° anter Zer- 
aetzang • aobmilzt. Der Eater iat loalicb in Alkobol, faat 
nnloaliob in Ather, er kryatalliaiert in feineu Nadeln. 

2,963 mg Sabatanz gaben 6,<307 mg. GO|, 1,835 mg. H^O. 
3,404 mg „ „ 3,212 mg AgJ- 

CaaHa.OioN Ber. C 57,95% H 7,04% OCH, 12,47% 
Gef. „ 58,05 „ 6,88 „ 12,46 . 

Beim Erwarmen dea Eatera mit methylalkoboliaober Kali* 
lange warden 3 Aqnivalente Alkalilange verbranoht; in der 
feVeraeifnngaflaaaigkeit lieaa aicb aalpetrigaanrea Salz nacb* 
weiaen. 

o 
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Oxgdc^im : 1 Toil Saure CjaHaiOioN wnrde in 100 
Teilen n/5-Natronlange gelost nnd ao lange niit 2^iger 
Ealium permanganatloanug behandelt, bia die Farbe dea 
Pormanganata etwa Stunde beatohen blieb. Nach 
beendigter Reaktion wurde daa Qemiaoh mit aohwetiiger 
Sanre nnd Schwefelaanre TOrsetzt nnd iO mal mit Eaaigeater 
anageachuttolt; der Kaaigeateroxtrakt wnrde eingedaiupft 
und der Rnokatand ana Waaser amkryatallisiert. 

Daa none Oxydationaprudnkt iat in Waaaer nnd den 
raeiaten organiachen Loanngamitteln auaaer Petrolather leioht 
loalioh, ea achmilzt znnaohat bei 113‘, eratarrt dann wieder 
nnd achmilzt nnnmehr erat bei 172°. 

3,057 mg Snbatanz (bei 100° getrocknet) gaben 6,239 mg 
CO„ 1,909 mg HjO. 

3,520 mg Snbatanz ( „ „ „ ) „ 7,159 mg 

00,, 2,126 mg H,0. 

C22H3oOio-HtO (') Ber. 0 55,93% H 6,78% 

Gef. „ 55,68 55,50 „ 6,99 6,76 

Titration : 8,054 mg Snbatanz verbrauchten in der Ealte 
0,51 ccm n/lO-Lange. 

Aquivalentgewicht : 0sjaH3o0iQ»H,O (?) (dreibaaiach) 

Ber. 151 Gef. 157. 

3,117 mg Snbatanz (bei 135° getrocknet) gaben 6,575 mg 
00,, 1,994 mg H,0’ 

CaaH.oOio (?) Ber- C 58,14% H 6,61% 

Gef. „ 57,56 „ 7,16 

II. Sattre 0,iH,,OnN. 

1 Teil Oxydigitogenaaure wird voraichting mit 5 Teiien 
ranchender Salpeteraanre 1,52 nbergoaeen; nnter heftiger 
Reaktion, bei welcher reichlich Koblendioxyd entwickelt 
wird, geht die Oxydigitogenaaure in Loaung* Nachdem die 
Hanptreaktion vornber iat, erhitzt man die aalpeteraanre 
Loanng anf dem Waaaerbad, bia die Gaaentwickling anfhort. 
Hierzu aind etwa 2 Stnnden erforderlich, dann wird di% 
Loanng bia znr Trubnng mit Waaaer veraetzt, woranf aicb im 



Laafe einiger Standen die Haaptmeage (25%) des Oxyda* 
tionsprodnktes in achonen Nadeln absoheidet; ana den 
Mntterlaugen fallt itu Lanfe einiger Tage noch eine weitere 
Menge (5%) ana. 

Ana Eiaealng nmkryatallieirrt bildet die nene Sanre 
glanzende Blattohon und achmilzt bei 218 - 220 " nnter 
Zeraetznng; aie iat leioht loalich in Alkohol und Eiaeaaig, 
aohwer loalioh in Ather nnd in Waaser. 

r 

3,687 mg Snbatanz gaben 0,095 com N (21", 751 mm). 

2,97 mg „ „ 5,772 mg GO,, 1,688 mg H,0. 

OziHsiOiiN Ber. C 53,28% H 6,55% N 2,96% 

Oef. ,, 53,02 ,, b,36 ,, 2,96 

Titration : 0,0163g Snbatanz verbrauchten 2,75 com 
n/lO-Lange. 

Aqnivalentgewioht :C 2 ,H 3 ]^ 0 ,iN (dreibaaiach Ber. 158. 
Gef. 165. ). 

Beim Erwarmen mit alkoholiacher Kalilange apaltet die 
Sanre aalpetrige. Sanre ab und verbrancht genau 4 Aqniva- 
lente Alkalilange. 

Der mit atheriaoher Diazomethanloanng bereitete Tri* 
methyleater kryatalliaiert in Nadeln vom Schmelzp. 171", er 
iat leich loalich in Alkohol, aehr aohwer loalioh in Ather. 

3,017 mg Snbatanz gaben 6,191 mg CO,, 1,868 mg H,0. 

„ 6,102 mg CO,, 1,809 mg H, 0 . 

„ 0,087 com N ( 19", 744mm ). 

., .3,639 mg AgJ. 

„ 4,141 mg AgJ. 

H 7,18% N 2,72% OOH 3 18,06% 
Gef. „ 55,99 55,85 H 6,83 6,79 N 2,78 „ 17,99 1>7,70 


2,981 mg „ 

3,578 mg „ 

2,674 mg „ 

3,094 mg ,, 

0»*H3r0iiN 

Cer. 0 55,92% 
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Mchhu^argewiehtabeitimm^^ : 


0.313 mg 

Substanz, 

4,108 mg Campher, 

Eroiedr. 60, Mol.-Qew. 

608 

0,497 mg 


4,918 mg 

•» 

ft 

90 

449 

0,298 mg 

If 

2, 82 mg 


ft 

8,50 „ 

497 

0,215 mg 

*» 

2, 49 mg 

«i 

It 

650 „ 

532 

0.418 mg 

If 

7, 66 mg 

fi 

ft 

450 

492 

0,228 mg 

If 

3, 76 mg 

ft 

ft 

6.00 ., 

485 


0*^1137031 Mol.-Gew- Ber. 515 Get. 494. 


De^UlaHon dea Butera im Hoohvakutm : Der Ester 
O 24 H 87 O 11 N wnrde aus einer kleinen Betorte im Hochva- 
kunm uberdestilliert und ging bei einer Teraperatur des 
Luftbadea von etwa 250* ala braanea 01 nber. Das erhaltene 
Deatillat warde mehrmala ana Methylalkohol nmkryatallisiert 
tind dadnrcb von hartnackig anhaf tendon braanen Verunrei* 
nignngen befreit; In den sohwerer loaliohen Fraktionen ste- 
oken aehr kleineMengen von Verbindangen, die bei 176* nnd 
157* aohmelzen, der Hanptteil des Destillata (50%) scbmilzt 
konstant bei I4‘i*, er krystallisiert in derben Nadeln nnd ist 
leioht loslich in Alkobol, achwer loalich in Ather nnd Amy- 
lather; die Probe auf Stickstoif ist negativ. 

2,87 mg Snbstanz gaben 6,366 mg CO,, 1,86 mg H,0. 

3,25 mg „ „ 4,654 mg AgJ. 

4,153 mg „ „ 5,952 AgJ. 

Oa^H.aO, Ber. C 61,53% H 7,69% OCH 3 

Gef. 61,45 „ 7,31 „ 18.95 18,92 

Der mitmetbylalkoholiaoher Ealilange verseifte Ester gab 
eine Sanre, die ana Ather in feinen Nadeln vom Scbmelz* 
punkt 215-216* krystalliaierte; sie ist sehr leicht losliob in 
Alkobol, schwer losliob in Ather. 

3,295 mg Snbstanz gaben 7,117 mg CO 21 2,013 mg. H^O 
3,145 mg „ „ 6,775 mg OO 2 , 1,930 mg H*0. 

C.iHaoOo Ber. C 59.13% H 7,03% 

Gef. „ 58,93 58,76 „ 6,83 6,81 

3,85 mg Snbstanz yerbranchten 0,265 com N/10-Lange. * 
9|05I1 mg „ „ 3, 67 oem N/10 -Lange, 
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Aqaivalentgewicht : O 21 H 30 O 9 ( dreibasisoh ). 

Ber. 142 Gef. 144 156 

In der Hitze wnrde mehr Alkalilange Verbranoht. 

0,0571 g Sabstanz verbranchten 4,52 00 m n/lO-Lange. 

III. Verseifung de« Esl&rs C 29 H 

( Nacb Verenchen von 0. Linsert ). 

Der Ester O 29 H 42 O 9 lasst slob ans den Mntterlangen, die, 
bei der Darstellnng der Digitogensanre abfallen, in einer 
Ausbente von etwa 10^ isolieren und mit dem fruher be* 
schriebenen Ester^ dnrch Analyse nnd Mischschmelzpnnkt 
identifizieren. 

3,098 mg Sabstanz gaben 7,426 mg CO 21 2,303 mg H^O. 
4,076 mg „ „ 5,575 mg AgJ. 

C 29 H 42 O 9 Ber. C 65,15% H 7,92% OCHs 17,42% 

Gef. „ 65,41 „ 8,32 „ 18,07 

1 Teil Ester wnrde in einer Mischnng von 15 Teilen Eis- 
essig and 10 Teilen 10% iger Schwefelsaure gelost nnd das 
Gemisch 1 Stnnde am KnckHnssknhler gekocht Die noch 
heisse Losnng wnrde mit Wasser bis zur Trnbnng versetzt; 
naoh knrzer Zeit begann das Yerseifangsprodiikt ansznkrysta* 
llisieren. Das Rohprodnkt wnrde in der ubliohen Weise in 
einen nentralen und sanren Anteil zerlegt; der sanre Anteil 
wnrde ans verdunntem Acetun nmkrystallisiert nnd Heferte 
dabei den in derben Nadelu krystallisierenden sanren 
Dimethylester, der bei 125* schmolz. Ausbente etwa 25%. 
In den Mntterlangen fand sich der Monomethylester. 

3,415 mg Sabstanz gaben 7,801 mg CO,, 2,282 mg H,0. 
5,014 mg „ „ 4,289 mg Agj. 

C 28 H 4 o 09 .H ,0 Ber. C 62,13% H 7,86% OCH 3 11,.')2% 
Gef. ., 62,.32 ,. 7,48 ,. 11,31 

Titration : 0,2707 g Sabstanz verbranchten 5,41 ccm 
n/lO-Lange. 

0,1225 g „ „ 2,41 com 

n/lO-Lange. 

•' 0,2333 g ,, „ 4,50 com 

n/10:>Lange, , 
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Aqoivalentgewioht C2gH4oO,«H,0 (einbasiBch). 

Ber. 536 Oef. 500 508 518 

Znr Darstellnog des Saaren Monomethylesterfl lost man 
1 Toil Nentralester CaaH^jOg in 10 Teilen Eisessig, £ngt 10 
Teile 20^ iger Salmnre hinsu nnd kooht 5 Stnnden am 
Bnokflaaskahler. Das Vorseifnngsprodnkt wird dnroh 
vorsichtige Wasserznsatz ansgefallt and ans Aceton um- 
krystallisiert. Der sanre Monomethylester krystallisiert in 
fainen Nadeln, die bei 201** schmelzen. 

5,351 mg Snbstanz gaben 2,463 mg AgJ. 

C20H35O8 (0CH3>H20 Ber. OCH3 5,90% Gef. OCH, 6,08% 

0,1129 g Snbstanz verbraaohten 4,35 ccm n/lO-Lange. 

0,1160 g „ „ 4,57 ccm n/lO-Lange. 

0,1257 g „ „ 4,81 ccm n/lO-Lauge. 

Aquivalentgewicht : CaTllggOs'HaO (einbasisch) 

Ber. 262 Gef. 260 254 261 

Sanre : i Teil Ester wnrde mit 10 Teilen 

Eisessig and 6 Teilen Jodwas8er8toffsanre'(2,0) 3 Stnnden am 
Bnckflnssknbler gekocht; nach dieser Zeit fallte man das 
Beaktionsprodnkt dnrch Wasserznsatz ans; es iet eine 
methoxylfreie, aber jodhaltigo Sanre, die sich ans verdanntem 
Methylalkohol nmkrystallisieren lasst. Beim Erhitzen im 
Schmelzpnnktrohrchen zersetzt sie sick bei 240—250”; sie 
scheint nioht ganz einheitlich zn sein nnd enthalt etwas mebr 
Eohlenstoff nnd weniger Jod als der Formel 
entspricht. 

3,063 mg Snbstanz gaben 5,950 mg CO2, 1,81 mg H2O. 

3,207 mg ,, „ 6,252 mg CO2, 1,883 mg H2O. 

3,719 mg ,, „ 0,752 AgJ. 

CaeH.TOgJ Ber. C 51,65% H 6,10% J 21,0% 

Gef. „ 53,12 53..30 „ 20,2 

H 6,63 6,58 

6,678 mg Snbstanz verbranchten 0,351 ccm n/lO-Lange, 
Aqnivalentgewicht : C2oH3,08J (dreibasiscb) 

• Ber. 201 Gef. 190, 

40 
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Der mittels Diazotaethan bereitete Trimetbylester ist 
dimorph, er zeigt den Soh^mlzp. 122? and 105^ 

3,018 mg Sabstanz (122^ gaben 6,037 mg GO^* 1,800 mg H 2 O. 


3,060 „ 

99 

99 

99 

5,998 

„ CO 2 . 1,847 „ 

H 2 O. 

3,947 „ 

99 

99 

19 

0,786 

„ J, 


4,462 „ 

99 

99 

91 

5,075 

„ AgJ. 


3,099 „ 

99 

(105») 

19 

6,20 

„ CO 2 , 1,99 mg 

H 2 O. 

2,837 „ 

19 

II 

99 

5,685 mg GO 2 . 1,783 mg 

H 2 O. 

C 20 H 43 O 8 J Bdfe ' 

D 68,87% 


H 6 , 66 % 

J 19,66 OCHt 

14,4 


Gef. 

., 54,58 

54,55 

7,01 

6,89 „ 19,91 „ 

15,63 



„ 54,69 

64,66 

„ 7,23 

6,98 


ITm aae der 

Saare GaeHsT 

OgJ daa 

.Tod beraasznnehmen. 


kochten wir die esaigsauro Losnng 2 Stunden init Zinkataub 
am Rnckfluaaknhler; daa Reaktionaprodnkt wnrde init Waaaer 
anageCallt and ana verdannter Eaaigaanre amkryatalliaiert; 
die neae Saare iat jodfrei, aie aohmilzt bei 273 — 274^ 

3,004 mg Snbatanz gaben 7,210 mg GO,, 2,214 mg H,0. 
2,814 mg „ „ 6,737 mg G02, 2,096 mg H|0. 

CaeHasOs Ber. G 65,27% H 7,95% 

Gef. „ 65,48 65,33 „ 8,25 8,34 

Titration : 6,200 mg Subatanz verbranchten 0,375oom 
n/10 -Lange. 

6,503 mg „ „ 0,353ccm 

n/lC-Laage. 

Aqaivalentgewiobt : GaeHsgOa ( dreibaaiaoh ) 

Ber. 159 Gel. 165 163. 

Der in der nblichen Weiae bereitete Mctbyleater aobmilzt 
bei 125-126*. 

2,881 mg Sabatanz gaben 7.10 L mg GO 2 , 2,319 mg HjO. 
4,693 mg ,, „ 6,28') mg AgJ. 

0 . 0 .4408 Ber. G 66,99% H 8,46% OGH 3 17,88% 

Gef. „ 67,20 „ 8,94 „ 17,87. 

Beferenoes 

1. Eiliani and Merk. Gbem, Ber. 6 d. 34, S. 3565 (1901). 

2. Dieae Za. Bd. 143, S. .37 (1925). 

3. Dieae Za. Bd. 143, S. 44 (1925). 

* ( Hoppe Seyler’s Zeitachrift far Phyaiologiaohe Ghemie, 

151, 86-97, 1926). . . 
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XXXIX Interaction of - Phenj^ydrazine with the 

Halogen derivatives of the substituted amides of 
Malonic add* 

by 

B. K. Tbivedi and C. M. Mehta, 

In order to study the labile nature of the Chlorine atoms 
substituting the hydrogens in tho reactive methylene group 
-CH 2 -, the interaction of Phenylbydrazine with tho compo- 
unds mentioned below was investigated. 

( 1 ) Dichloromalon-di-phenylamide. 

( 2 ) Dichloromalon-di-o-tolylamide. 

( 3 ) Dichloromalon-di'p-tolylamide. 

( 4 ) Dichloromalon-di-l:3:4 xylidide. 

( 5 ) Dichloromalon-di-m-dichloro-tolylamide 

( 6 ) Dichloroinalon-mono>ohlorophenylamide. 

( 7 ) Dichloromalon-mono-p-tolylamide. 

( 8 ) Chloromethyl chloromalon-di-o-tolylamide. 

( 9 ) Chloromethyl chloromalon-di-p-tolylamide. 

All the above compounds reacted with Phenylbydrazine 
yielding their respective hydrazon derivatives. The com- 
pounds (1), (2) (3) and (4) gave rise to the general type 
OeH|NHN:C:(CONHB), according to the equation 
SCgHe NHNH,-^Cl,;C;^CONHR',— > CeHaNCiC: (CONHR)2 

-|-20,H,NHNH,HC1. 

while compounds (5) and (6) reacted with Phenylbydrazine 
yielding the compounds in which the chlorines in the nucle- 
un remained unaffected. ^ 

The compounds (8) and (9) reacted with Phenylhydrssine 
in a similar way giving a tri-membered ring. 

CIS /OONHR /CONHR 

SCgC.NCNC, + C + CoCbNHN O C 

ClOsC/ SCONHR H 2 C \CONHR 

+ 2C,H,NHNH2HC1. 

All the above hydrazone compounds are found to be very 
•tableland resist boiling wRb water and alcohol. 



XL The velodtF of reduction of the chlmriinee 
suhstituting the hydrogens di the reactive methylene 
group -CH2'* 


in' the compounds of the type Cl2C^ 


CONHR 

CONHR. 


where R is Phenjdt Tolyl etc* group* 

hy 

B. E. Tbiybdi and C. M. Mehta. 

I' 

The velocity of redaction of the chlorine atoms was stn* 
died by treating the following compounds by means of hy- 
driodic acid -HI- generated tbrongh the action of HCl on 

EL ( Kurt Meyer, loo. cit.; J C. S. T. 1921, 119, 951, 305 }. 

/ 

( I ) Dichloromalon-di-phenylamide. 

( 2 ) Dichloromalon-di-p-tolylamide. 

( 3 ) Diohloromalon-di-m-diohloiotolylamide. 

( 4 ) Diohloromalon-di-o-tolylamide. 

( 5 ) Diohloromalon- 1:3:4 xylidide. 

( 6 ),^ Dichloromalon-di-jS-dicbloronaphthylamido. 

( 7 yt Dichloromalon-di-peptylamide. 

(8) Diohloromalon-di-propylamide. 

( 9 ) Oiohloromalon-di-benzylamide. 

(LO) Dichloromalon-monoohlorophenylamide. 

(II) Diohloromalon-mono-p-tolylamide. 

(12) Chloromethyl ohloromalon-di-phenylamide. 

(13) Chloromethyl chloromalon-di-p-tolylamide. 

(14) Chloromethyl Chloromalon-di-o-tolylamide. 

The velocity of redaction of chlorines was represented by 
obtaining the curves by plotting the time of heating along 
the abscissa and the percentage reduced along the ordinatee. 
It was observed from the nature of the curves of the above 
oomponnds that the velocity of reduction goes on increasing 
in series from compound (1) to (5)* This is attributed to the 
mature of the groups attaches to the carbonyl groups between 
which the -<)Cl 2 *K)ompex is situated as well as to the ipser* 
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tion and the position of the methyl groups in the phenyl 
nucleus. In each case the velocity of reduction is consider- 
ably lowered when fifty percent of the total chlorine is 
reduced. 

The curves of the compounds (7), (8) and (9) indicate that 
when the radicals attached to the carbonyl group carry 
aliphatic chain the velocity of reduction is increased. If the 
chain is shorter the velocity of reduction is decreased. 

The compounds (10) & (11) show a drop in the velocity of 
reduction which is due to the presence of only one heavy 
radical in the complex. 

The remarkable decrease in the velocity of the com- 
pounds (12), (18) and (14) is attributed to the presence of the 
-ClCH 2 -grouping. 


XLI A study of the interaction of Atoxyl (sodiuta p. 
aminophenyl arsonic acid) with the Halogen deriva- 
tives of the substituted amides of Malonic acid. 

B? B. K. Tbiybdi and C. M. Mehta. 

Herein it was proposed to study the reactivity of the 
chlorine atoms substituting the hydrogens of the reactive 
methylene group -CH,- with regard to Atoxyl but the reac- 
tion was not found to have taken place. This could be attri- 
buted to the comparative inactivity of tbe chlorine atoms 
towards atoxyl. On the other hand the Bromo derivatives of 
the snbatitutated amides of malonic acid interacted with ato- 
xyl according to the following equation :» 

NaOi.^ / V 

HO^ASv /NH, -I- BrCHs (CONHR)a— ^ 

0 ' ^ ' 

HO^ , ^ 

HO ;A8r ;NH.CH: (CONHB)^ + NaBr. 

q/ N. / 


4 



This is due to tbe bromine atoms being ccmparatively more 
labile than the chlorine atoms similarly placed. 

The following Compounds were selected to investigate the 
reaction:— 

( 1 ) Mono bromo malon-di-p-bromanilide. 

( 2 ) Mono bromo malon->di-p*tolylamide. 

( 3 ) Mono bromo malon-di-benzylainide. 

The higher activity of bromine should be attributed to 
the higher atomic volume of bromine. 


XLII The relation between the chemical activity and the 
absorption in the Ultra-violet of the compounds 
of the type 


CL .CONHR 01. ,CONH, 
Cl^-^CONHR; CK ^CONHR 


and 


Cl 

ClHjC 


. .CONHR 
^ ^CONHR 


Where R,:is phenyl, tolyl etc. groups. 


B7 E. 0. Naik, Mme Bamabt. R. E. Tbivbdi and C M. Mehta. 


This study was undertaken with a view to throw some 
light on the relationship between the chemical activity of the 
chloro derivatives of the substituted amides of malonic acid 
and their absorption in the Ultra-violet. ‘ 

The following compounds were selected for the study:— 

( 1 ) Dichloromalon-di-phenylamide. 

( 2 ) Diohloromalon-di-o-tolylamide. 

( 3 ) Dichloromalon-di-p-tolylamide. 

( 4 ) Dichloromalon-di-m-tolylamide dicbloride. 

( 5 ) DiohloromaloB-di-l:3:4 xylidide. 

( 6 ) Dichloromalon-di-heptylamide. 

( 7 ) Dichloromalon-di-benzylamide. 

* ( 8 ) Diohloromalon-motio-p-tolylamide. 

( 9 ) Dichloromalon-mpno-chlorophenylamide. ^ 
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( 10 ) Ghlorometbyl chloromalon-di-phenylamide. 

( ll ) Ghlorometbyl obloromalon>di-p>tolylamide. 

( 12 ) Ghlorometbyl obloromalon-dl-p-tolylamide. 

It can be seen here that the general absorption in com- 
pounds ( 2 ), ( 8 ) and ( 4 ) increases as we pass from ortho 
to para derivatives. The bands of absorption are shifted 
towards the visible region as follows. 

Or+ho — ^ Meta — » Para, 

In the case of compounds ( 5 ) and ( 6 ) the curves are 
shifted more towards the visible. 

In compounds ( 10 ), ( 11 } and ( 12 ) the difference in the 
absorption is produced which is due to the absence of 
methylene group. 

The results show that the more active is the molecule the 
higher is its absorption in Ultra-violet and the bands are 
shifted more towards the visible. 


XLIII The velocity of Saponification of the chloro 
derivatives of the substituted amides of the mcdonic 
acid of the type 

GL .GONHB GL ,GONH, 01^, -GONHR 

>G' and ^G' 

Gl-^ ^GONHR ; Gl/ '^GONHR G1H,G^ '^GONHR 

Whore R = Phenyl, Tolyl etc. groups. 

BT E. G. Naik, R. E. Trivedi and C. M. Mehta. 

In order to investigate chemical activity of the chloro 
compounds as expressed by their velocity of saponification 
the following compounds were selected for study : — 

( 1 ) Dichloromalon-di-phenylamide. 
f 2 ) Dichloromalon-di-p-tolylamide. • 

• 8 ) Piohlproioalon-di-m-tQlylaniido dichloride, 
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( 4 ) DiohloromBlon<-dl-o-tolylamide« 

( 5 ) Diohloromalon'di-1:3:4 xylidide. 

( 6 ) DiohloromaloD-di'heptylamide. 

( 7 ) Dichloromalonsdi-propylamide, 

( 8 ) Diohloromalon moQO-p-tolylamlde. 

( 9 ) Diohloromalon monoohlorophenylamide. 

( 10 ) Chloromethyl ohloromalon-di-phenylamide. 

( 11 ) Ghloromethyl chloromalon-di-p>tolylamide. 

( 12 ) Chloromethyl ohloromalon-di-o-tolylamide. 

t 

The above oomponnds were made to react with standard 
alcoholic potash solution and titrated with standard bydro' 
chloric acid at regular intervals. The results were tabulated 
in the form of curves representing the time as abscissa and 
the percentage of the compound saponified as ordinates. 

In compounds ( 2 ), ( 3 ) and ( 4 ) the augmentation of the 
velocity of saponification proceeds as 

ortho meta — para. 

The velocity of saponification depends upon the nature of 
the radical attached to the saponifiable imino -NH- -grouping. 
It also depends upon the position of the methyl group with 
regard to the saponifiable imino group. 
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XLIV Formation of the sodium derivatives of compounds 
contsdning a reactive methylene (-CH*-) group 
and study of the stability of the sodium 
atom with regard to the methylene group. 

B7 K.a.NAiK AHD H. L. Shah. 

This work was undertaken to stndy the formation and 
the stability of the sodium compounds of the following subs- 
tituted amides of malonio and methylmalonic acids and con- 
sAqnently the reactivity of the hydrogens of the methylene 
( -CH,-) group in them;— 

( 1 ) Malon-di-phenylamide. 

( 2 ) Malon-dl-p-tolylamide. 

( 3 ) Malon-di.-m-tolylamide. 

( 4 ) Malon-di-o-tolylamide. 

( .5 ) Malon-di-l;4:5 xylidide. 

( 6 ) Malon-di- oc-naphthylamide* 

( 7 ) Malon-di-/3-naphthylamido. 

( 8 ) Malon-di-benzylamide. 

( 9 ) Malou-di-n-propylamide. 

( 10 ) Methylmalon-di-o-tolylamide. 

( 11 ) Methylmalon>di-p-tolylamido. 

They all reacted with metallic inolecnlar sodium yielding 
mono-sodium derivatives. In compounds ( 1 ) to ( 9 ), 
conversion of the group -CHg-into -CHNa- takes place; 
whereas in cnmvmnnds ( 10 ) and ( 11 ), the conversion of 
gronp-CHCCHa)- into -ONa(OH»)- is effected. 

( i ) Malonamide ( ii } Malon-mono-phenylamide and 
( iii ) Malon-mono-o-tolylamide are found to remain nn- 
reacted. 

Experimental results show that the above sodium deriva- 
tives formed are comparatively more stable than those of the 
amides of cyanacetio eater ( Naik and Bhab, J. Ipd. 

Soc. 1931, 8, 45 ). 



The velocity of the Btebility of the sodium atom in the 
above compoaiidB ia fully studied. When boiled with water, 
oompounda (1) to (8) suiter slow decomposition, the velocity 
of hydrolysis varying with the groups attached to the 
nitrogen marked with an asterik jn the following formula:— 

^CONHR 

II/ '^CONHR 

The Bodinm derivatives of (10) and (11) are hydrolysed more 
rapidly than the above ones, 

Chemiitry Deparlmeut, 

The College, Baroda, 


XLV On Active Charcoal. 

BT M. D. AvAbabb and S. N. Davb. 

It has been known that the activity of charcoal, asmeasn* 
red by the magnitado of absorption, depends on its physical 
natnre, the temperature and time of activation and on the 
nature of the gas in which it is activated. It has further been 
known that the magnitude of absorption on any given quali* 
ty of active charcoal depends on the physical and chemical 
natnre of the absorbate. 

During a series of experiments undertaken to investigate 
the corelation between the various factors that influence the 
activity of charcoal it is found that the magnitnde of absorp- 
tion on the active Charcoal depends on the degree of evacu- 
ation to which the active charcoal ia subjected previous to 
the study of absorption. ^ 

Under ordinary conditions of evacuation, absorption is 
Increased owing to an increase on the pore diameter caused 

a partial r«moyal of tite oxide film, but pn intensiye eytit 



oaation its abtivity deoreases to a large extent. The presen* 
ce of the oxide fiim, therefore, appears to be essential for a 
high degree of activity. 

OhtnUstry DtpartmeHt, 

Tht Oottege, Baroda. 


, XLVI. FormaHon and properties of Poliriodides. 

B7 M. D. Atasabx akd a. M. Tbivbdi. 

Phase rule study of the system NH 4 l-I,-CCl 4 at 30*0 
showed the formation of a binary compound NH 4 I 3 as con* 
firmed by quantitative examination and by measurement of 
its dissociation pressure* 

Treatment of an aqueous solution of ammonium iodide 
of definite concentration results in the formation of 
a very hygroscopic and unstable compound. 

A detailed study of the solubility of iodine in aqueous 
solutions of (1) sodium, (2) potassium and (3) ammonium 
iodides has shown the formation of (a) Nal,, Klg and NH 4 I 3 
only when the salt solutions of concentration range 0*017 
M to 0.7 M were used and (b) the formation of NalsKIr, and 
NH^Ig and Nal^, KI, and NH 4 IT when the sanlt concentra- 
tion above 1 molar to saturation were employed. 
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XLVIl InvestigatioiM on HTponitrhotulpIiatei* 

BT N. V. Dhaean and C. C. Shah.. 

Pare potassiam hyponitiitosalphate has been successfally 
prepared and its chemical reactions have been studied. The 
following equations represent the course of its spontaneous 


decomposition; — 

KgSO.Na = KjSO* + N,0 (1) 

K,80,Na a KjSOa + 2NO (2) 


The course of the reaction has been found to depend on 
the concentration, temperature and the value of the solu- 
tion. In ordinary air, the solid salt decomposes, mainly, 
according to equation (1). Anhydrous carbon dioxide has no 
effect upon the salt. In saturated water vapour, the salt 
decomposes rapidly into sulphate and nitrons oxide. The 
aqueous solution of the salt is unstable and decomposes 
according to equation (1). All kinds of acids decompose the 
salt in the same way i. e. in accordance with equation (l),knt 
alkalies appear to have a stabilising iniinence on the salt. 

In acidic solution, potassiam hyponitritosulphate is nei- 
ther oxidised by commoner oxidising agents such as potassi- 
um permanganate, iodine, bromine, sodinm bromate, hypoio- 
dite, hypobromite etc., nor reduced by reducing agents 
such as stannous chloride and hydrochloric acid, stannous 
chloride and titanous chloride, sodium bisulphite and hydro- 
chloric acid, zinc and acetic acid etc. 

In alkaline solution, potassiam permanganate and sodium 
hypochlorite oxidise it with the formation of potassium sul- 
phate and nitric acid; all the nitrogen does not, however, get 
converted into nitric acid, some of it escapes as nitrous oxide 

By the action of alkaline reducing agents a very small 
amount of ammonia is formed and a variety of products such 
as hydrazine, potassiam sulphite, sulphate, etc., are detected 
In the redaction products. 
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The resnltfl obiained so far show that the hyponitritosnl- 
phnric acid, probably, exists in two forms: — 


HO.SO,.NO:N.OH! (1) 

HSOa,N.ON.OH (2) 


Sodinm and ammonium hyponitritosnlphates and the 
doble salts of xinc, cobalt, manganese, cadmium, siiver, and 
barium have been prepared and their chemical properties 
are being examined. 


XLVIIl Oxidation of Hydroxylamine sulphate and 
hydrochloride by means of potassium permanganate. 

BY N. V Dhakax axd C. C. Shah. 

In the reduclion of nitric acid to ammonia, hypo* 
nitrous acid has been considered us an intermediate product 
(Jour. Pliy. Cliem. 1!)26, V. 30, 1*. 1222), But it has been 
shown by Partington and Shih (four. Cbem. Hoc. 1931 part I 
p. 2071), that hyponitrous acid cannot be reduced to ammonia 
though it can be oxidised to nitric acid to a certain extent. 
Leaving out nitrogen, hydroxylamine should be the first 
reduction product of hyponitrous acid. In order' to elucidate 
this behaviour, experiments have been conducted to 
study the oxidation of hydroxylamine by potassium per* 
manganate. 

The course of the oxidation of hydroxylamine by 
potassium permanganate in neutral solution can be repre* 
sented by the folio wing equations 

5(NH,0H),H,S04 + 4KMn04 = KjS + 4MnS04 + 

2KNOi, + 2N*0 + 2 No + 20Ha0 (1) ^ 

SNHaOH.HCl + 2KMn04 = KCi + 2MnCl2 + 

Ktitlij -b N.j|0 + N.^ + lOHaO (2) 



tn aeidio aolation, the course of the oxidation is reprd- 
seated by the following equation 

5(NH,OH),H,SO* + lOKMnO* + 10H,SOi = 

5K,SO* + lOMnSO* + 8HNO3 + Nj + 26H,0. (3) 

lONHaOH-HOl + lOKMnO^ + 20H01 = lOKCl + 10 MnCla 
+ 8HNO3 + Na + 26HaO (4) 

The course of the oxidation is dependent on the ooncen> 
tration and the Ph valne ojt the aolation. The temperature 
has little effect on the course of reaction. 

It appears from the results so far obtained that the 
velocity of the oxidation reaction is very small* Farther 
work is in progress. 


XLIX Studies in Salting out effect 
B7 M. D. AtASABS AMD C. B. Patil. 

Salting out of non-electrolytes from aqueoas Eolations by 
electrolytes has been generally attributed to either ( i ) an 
increase in the internal pressure of the solvent caused by the 
added electrolyte or ( ii ) hydration of the electrolyte. 

In this part of the investigation, it is attempted to study 
and classify the effects of different salts on the salting out of 
isoamyl alcohol, iso-butyl alcohol, aniline and 0-toluidine 
in relation to the hydration capacity of these salts. 

It has been found that though hydration does not seem 
to be the only cause for the salting out effect the magnitude 
of salting out effect generally runs parallel with the hydration 
capacity of the electrolyte. Further it has been observed 
4hat cations and anions, stand in the following order with 
respect to the magnitn of their salting out effectd. • 
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Na* > K* > NH '4 SO^” > Cl’ > NO.,’ — and that 
the same order U observed with respect to their capacity for 
hydration. 

The following equation (Panl M. Cross, chem. rev; 62. 92, 
1983) has been found to hold good over the range 0*25 to 
1*0 molar concentration of salt solutions employed in this 
investigation : — 

= ‘ft 

where is the additional volume iu litres of solution which 

would be required to hold one molecule of a non-electrolyte 
in solution in presence of the added salt concentrations 

in excess of the volume of water required for its solution in 
absence of the salt and ki is a constant. 

Further, it has been observed that the saltiu/^ out effects 
of electrolytes on the consecutive members of homologous 
non-electrolytes bear a constant ratio, given by the expres- 
sion =' k, whore Si and Sg stand for the decrease in the 
S2 

solubility of the noii-cdectrolytos in water caused by the 
addition of electrolytes. 
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L— Couleur et r^acUvit^’ chimiqe dans la st-rie 
, cinnamique; par RAMART«LUCAS et 
M. R. TRIvIdI. 

( 26 - 11-1982 ) ' 

Si l*on considere plaBiears cLromophorea li^a directement 

entre eax A« B, 0, D ila exercent nne indnence maltnelle 

qai oontriboe de fa^OQ importante h dtStorminar lenr <jtat 
iat6riear* Si I’on modifle I’nn d’eux, A par example, en y 
introdnisant an groope T, non eenlement A sora change en A* 
mais oe obangement aura one r^peronssion snr le (‘coaplage’} 
de A et B en sorte qne B n’aura pins le m^me «tat interieur, 
ce qai anra poor consequence nne variation du conplage de 
B et C, etc. On pent prevoir. par suite, qne rintrodnction de 
T aara pour efiet non sealement de changer A mais anssi de 
modifier IMtat interienr des antres chromophores B, C, D...et 
par snite lenr reactivite chimiqne. 

L'etnde da Tabsorption dans Tnltraviolet et de I’activite 
chimiqne :des derives cinnamiqnes et mctbylcinnamiqnes 
(aoides, ethers, amides) confirment ce point do vne. L’intro- 
duction sar la ohatne des derives cinnamiqnes d’nn groupe 
CH* (qai par lai-mumo est incoloie et n’a qn’nne faible 
reaotivite chimique), soit en oc, soit en a ponr effet de 
changer k la^fois la conlenr des derives cinnamiqnes et la 
reaotivite des groapes acide, ether, amide. Lea conrbes 
d’absorption, des acides et des amides cinnamiqnos, oc et j8 
methylcinnamiqnes sont donneea. L’absorption generale 
decrott dans I'ordre saivant : derive cinnamique, oo methyl- 
cinnamiqae, /3 metbylcinnamiqne. 

Des mesnres de vitesse d’etherification ont ete efTectnees 
snr les acides: hydrocinnamiqne, cinnamique, oc methyl, jS 
methyl, oc, jS-dimetbyloinnamiqnes; ainsi qne des mesnres 
de vitesse d'hydrolyse des ethers et des amides correspond- 
ants. L'aotivite chimiqne dn groupe fonctionnel decrott 
fians I’ordrC: derives cinnamiqne, /3 methylcinnamiqne, oc 
pietbyloinoamiqae, j 8 dimethylcinnamiqne, ,, 
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Introduction, 

L’qq de nons a insiaM (1) aar ce qne le oomportement obi- 
‘ miqae (4oergiea et viteaaea de reaction) d’nn ohromophore in- 
trodoit dana an oarbnre aatnr^ doit obanger en memo tempo 
qae I’^tat interne de ce obromopbore et par aaite en mgme 
tempo qne la oonlenr introdnite par oe ohromophore; et anr oe 
qne, qnand oet 4tat int^riear eat le mime (la oonlenr reatant 
done la m$me), lea Energies de reaction dn ohromophore 
A anr nn‘ antre gronpe B port^ anr nne antre moUonle 
doivent ^tre lea mgmea; ainai qne probablement lea viteaaea 
de reaction ( aanf gSne at^riqne apport^e ^ventnellement 
par enronlement de la molten le dana le oaa de tria 
longneo ohatnea). 

D’antre part, I’^tat int^rienr d’nn ohromophore A depend dea 
atomea on gronpea d’atomes anxquela ila ae tronvent li4a. En 
Borte qne dans nne a^rie homologne. lea moHonlea H.As OH*. 
A, CH'.CH^.A anront an ^tat int^rlenr different et par anite 
nne oonlenr et nne r^aotivit<S diff^rentea. Mala I’inSnenoe de 
rallongement de la chalne diminne rapidement, et dana nne 
B^rie homologne k ohalne normale, k partir dn troiaiime 
terme, tone lea termes anp^rienra ont aenaiblement nne mSme 
oonlenr et, par anite, doivent avoir, mgme oomportement 
chimiqne via>&-vi8 d’nn gronpe B fix^ anr nne antre mol^onle. 
II fant natnrel lament, oomme il a ^t^ dit plna bant, envlaager 
le oaa od an enronlement de la mol^onle viendrait ggner 
I’approche de A et B. 

Cette provision s’est d^j^ tronv^e v^rifi^e poor an grand 
nombre de a^riea homolognes. 

Par example lea aoidea normanx CH*(CH*)«OOOH qni ont 
la mgme abaorption depnia le terme poor leqnel n eat ^gal k 
denx, jnaqn’i n ^gal k 14, (2) ont la m§me viteaae d’4tb4rifloa- 

( 1 ) Mme RAMABT 0. R., 194. p. 726 (1932). 

( 2 ) Mme RAMART. MUe BIQUARD, M. GlRUNfELD^ 
• C.B, 1930, t, I90i p. 1196, 

42 
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tiondepnia I'aoida batyriqna jnaqa’d I’aoide atSariqae (3 k 
A joatona qne oea aoidea graa normaax ont aenaiblement h 
m#me coaatante de diasooiation depnis I'acide propionigae. 

II en eat do m^ma pour lea amines primaires OH*vCH*}n 
qui depnis T^thylamine ont la mgme vitesse de reaction' 
aveo le bromnre d’allyle (4). Or, M. Orunfeld (5) ayant 
mesnr^ I’absorption d’nn certain nombre d’amines de cette 
s^rie depnis la pentylamine jn8qn’& la dodtScylamine a tronv^ 
oonform4ment 4 oes provisions qne tons ces composOs ont nne 
absorption identiqne; il a dS pins tronvO, tonjonrs dans le 
mime ordre d'idOes qne oes amines ont les m^mes vitesses de 
rOaotion aveo I’Other maloniqne. 

On pent encore oiter les travanx de Calvet (6) qni a 
eonstatO qne les amides grasses k chains normals ont depnis 
la bntylamide jnsqn’& I’hexylamide les mi^mes vitesses de 
rOaction et lea mSmea Onergies de rOaction. Or, Mme Ramart 
et Mme Ornmez ont tronvO qne ces amides qni avaient les 
mOmes rOaotivitOs avaient anssi la mSme absorption (7). 

Enfin M, Rnzicka (8) en mesnrant les vitesses avec les* 
qnellea les cOtonea se oombinent avec Tbydroxylamine, trouvO 
qne la vitesse d’oximation est sensiblement la meme ponr les 
mOthylcOtones CH*.CO.{CH*)»»CH* depnis la mOthylpropyl- 
cOtone jnsqn’a la mOthyltOtradOoylcOtone. Or, d’apr^s Rice (9) 
tontes oes oOtones ont la mgme absorption depnis la propyl- 

( 3 ) SUDBOROUGH et GITTINGS, ./. Ohem. Soe., 1908.' 
t. 93, p, 210. 

( 4 ) MENTSOHUTKIN, Ber. dtseh, Chem. Ges., 1897, 
t. 30* p* 2775* 

( 5 ) ORUNFELD, G. B., 1931, 1. 192, p* 1560. 

( 6 ) OALVET, 0. B., 1. 192, p. 1569 (1931). 

( 1 ) Mme RAMART et Mme QRUMER, Bull, Soc, Ohim, 
1932, 1 51. P* 1538. 

( 8 ) RUZICEA et J. B. BUIJS, H^v Ohim, Acta, t, IS, 
e p. 3 (1932). 

^ 9 ) RICE, iVodL Eoy. Soe,, linden, 1915, t. 91, p. 65ir 



m^thjrlc^tone jusqa’A la nonylm^thyle^tone (il n*a pas ^tudi^ 
lea termes sap^rieurs). 

Pins g^n^ralement et en abHg^ (10) : 

“ Lorsqne dans diverses mol<ionleSt par aillenrs absoln* 
ment qneloonqnes, un ohromopbore introdnit la mSme 
oonlenr cela signifie qn’il a memo ^tat int^rienr, done mSme 
r^aotivit^ cbimiqne vis-4-vis d’nn gronpe B sur une moldonle 
▼oisine”. 

• Soit maintenant plnsienrs obromopbores A, B, C, D, li^s 
direotemeat entre eax« ils exercent nne inflnence mntuelle 
qni oontribne de fa^on tr^s importante a d<iterminer lenr 4tat 
int^rienr. Si Ton modifie Tan d’enx : A par exemple, on y 
introdnisant un gronpe T (ainsi lorsqne dans C*H* on 
introdnit nn radical R pour former Ce obangement 

aura nne r^perenseion sur le “ conplage ” de A (qni en fait 
sera devenn A’ par suite de I’introdnction de T) et B, en sorts 
qne B n'anra plus le meme ^tat int^rienr, ce qni anra ponr 
consequence nne variation de " conplage ” de B et C, etc. 

On pent alors prdvoir qne la modification de A, par snite 
de I’introdnction de T snr ce gronpe, anra ponr efifet non 
senlement de changer ce dernier, mais anssi I’etat interienr 
des autres ebromopbores B, C, D et par snite, foredment, lenr 
comportement cbimiqne. 

Oonsiddrons par exemple les acides arylacryliqnes : 

Ar.OiIsGH.OOOH on lenrs derivds dtbers, amides, nitriles. 
D’apr^ ce qni prdcede touts substitution dans I’nn des 
obromopbores doit modifier I’^tat interne, done I’absorption et 
le comportement cbimiqne des autres ebromopbores presents 
pnisqn’ils Ini sont lids directement et par suite s^inflnencent 
mntnellement. 

Lea faits observds par M. lonescn dans I’dtude de I’absorp* 
tion des arylidenes-indanediones et lenr aotivitd cbimiqne 
sont en acoord avec ce point de vne. 

(10) Mme RAMART, BiM. Soc., Chem. [4], t. Bl,* 
• p. 329; 1932. 
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Ce aavant sons la direction de M. Badnleson (11) prepare 
on certain nombre d’arylid^nea-indanedionee de formule 
g^n^rale 

R oi'i (RsH, Cl, CH*,OH, NH*) 

II meanre I'abaorption de chaoun de ces compoa^a et il 
conatate qne le “ front rouge " (ezpreaaion employee par 
M. Raduleacu pour d^aigner la partie du apectre la plna 
Toiaine du viaible) eat de plna en plna proche du viaible a 
meanre que R repr^aente H, 01, CH**, OH, NH^. 

Chaoun de oea oompoa^a eat enauite condenao avec nne 
molecule poaa^dant nn gronpe m^thyl^aiqne aotif tel quo 
I'acide malonique (la condenaation a’effectue entre la fonotion 
4thyl^niqne et le gronpe CH*). 

L’exp^rienoe montre que la facility avec laqnelle ae fait 
oette condenaation eat variable avec la nature dn radical R 
qui ae trouve en para via-^-via de I’atome de carbone fix^ anr 
I’nn dea atomea de carbone donblement li^. La viteaae de 
reaction diminne k meanre que R eat auoceaaivement H, Cl, 
OH*. OH, NH*. 

Ce aavant ajonte qne oea exemplea aont d’antant plna 
int^reaaanta qne oette diminution de I’activit^ chimique eat 
provoqn^e par la pr^aenoe dea groupea d’atomea ^loign^s de la 
partie,de la molecule qui entre en reaction et qne Ton ne 
pent par anite invoqner un empechement at^rique. 

Nona montrerona dana oe qui va anivre qne I'introdnotion 
d'un gronpe CH* (qui par Ini-mgme eat incolore et ne poaa^de 
qn’nne faible r^aotivit^ chimique) aoit en oc aoit en j8 anr la 
chaine dea d^riv^a cinnamiqnoa (aoide, ^ther, amide) a ponr 
effet de changer k la foia la conlenr de cea d^riv^a et la 
r^aaotivit^ ohimiqne dea groupea fon'otionnela : acide, ^ther, 
amide. 

• (11) RADULESCU {Bull, 8oc, Sciences de Cluj (Ronmanie), 

1. 11, p. 155-156 (1924) et. p. 280-296. 


C«H*<^>CsOH 



Lea propri^t^a dea acidea oinnamiqnea et de lenra prodaita 
de BubatUnUon aur la ohatne ont depnia longtempa attir^ 
rattention dea oheroheara et Ton connatt actnellement d’int^- 
resaantea relationa entre la atructnro de qnelqnea-nna de cea 
compoB^B et certaiiies de leura propri^MB physiqnea et 
chimiqaea. 

En ce qui regarde lenr reactivity, cc sent aartont leB viteaaea 
d’ythyrification, do aaponification, de fixation d’halogtoea qne 

Ton connait le mienx. 

• 

Sadborongh et aes collaboratenrs ont en particnlier meanry 
lea viteaaea d’ythyriflcation par CFl*.OH en pr^aence de cataly- 
aenr (CIH) dea acidea cinnamiqnes, dea acidea oc et j8 
halogynya, oc oyan et oc-phynylcinuaniiqnea (12). 

Ila conatatirent qne la preaence d’nne liaiaon ytbyiyniqne 
en oo viB-y.-viB dn carboxyle diminne beancoup I’activity (en 
oe qni concerne Vetbyriiication) qne ce dernier poBBide dana 
I'aoide aatnry correapondant 

D’antre part, Texp^rience lenr montra qne tona lea dyrivya 
de anbatitntion do I'acide cinnamiqne ont nne viteaae d’^thyri* 
fication plna faible qne celle de ce dernier et qn’enfin, ponr 
lea dyrivya monoanbatitntya, dea denx iaomyrea c’eat le dyrivy 
|3 ponr leqnel la viteaae d’ythyrification eat la plna yievye. 

Ponr expliqner oette diminution d’aotivity chimiqne 
plna yievye ponr lea dyrivya oc anbatitnya, on a invoqne 1’ 

« empechment atyriqne ”, 

Ponrtant nn enaemble de faita none condnit k attribner 
non paa k I’encombrement apatial dea radicanx maia aortont 
k lenr influence anr le gronpe fonctionnel acide, I'inertie de 
ce dernier. 

Si en effet le volume aenl intervonait, I’activity dn oar* 
boxyle devrait etre d’autant plna faible qne le volume du 
radical fixy en oc eat plna grand. Par auite, en conaidyrant 
lea gronpea d’atomea : CN et C®H*, I’influence paralyaante^ 

«(12) Sudboroneg et Lloyd, J. Ghem, Soe,, 1898, t. 74p* 81, 



de oes gronpes sur raotiviW dn oarboxyle devrait aagmenter 
qaand on pasae de CN k C*H'. Or, il n*en eat rien ainai qa*en 
Mmoignent Jea meanrea de viteaaea d ’etherification effectneea 
p ar Sudborough et Lloyd et qnl aont conaigneea dana le 
tableau auivant : 


0/0 de I'cide etherifine. 


Aoide cinnamiqne 99,12 

oc pbenyloinnamiquc....... 74,94 

CO cyanoinnamiqne 50,32 


La vitesae <retherification fnt (Undi^ie en chanifant 4 lOO* 
pendant nne heare lea acidea avec CH^OH abaoln en ntiliaant 
OlH conmme oatalyaenr (30/0 de CIH dana 10 cm^ d’aloool). 

Lea radicanx alcoylea fixea aur la ohafne dea derivea oinua* 
miquea : 

aoidea,*ether8; amidea exercent egalement comme itoua le 
verrona plna loin une action paralyaante aur I’actiTite dn 
oarboxyle. 

Lea meanrea d’abaorption nona out permia d’autre part de 
mettre en evidence qne cette action paralyaante provient non 
paa de la protection dn radical acide par lee radicanx alcoylea, 
maia d’une action mntuelle qne 8*exerce entre cea difCerenta 
gronpement. 

On aait en e£et qne lea alcoylea aont incolorea dana I’nltra- 
violet moyen, par anite a’iia n’avaient ancnne action aur lea 
gronpea d’atomea an voiainage deaqnela ila ae tronvent fixea, 
lea acidea alcoyloinnamiqnea devraient avoir la mcme conleur 
qne I’aoide cinnamiqne. 

Or, il n’en eat rien, et lea acidea, ethera amidea oinnami* 
qnea n’ont paa la meme abaorption qne lenra derivea methyiea 
anr la chain. 

La modification de coulenr provoqnee par la preaence dea 
gronpea GH’ oorreapond done 4 une action mntnelle de cea 
Semiera et dea gronpea fonotionnela ce qui entraine force* 
ment one variation dana lea proprietea ohimiqnea. ' 
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Et oeci permet de comprendro qae la presence d’nn 
groue CH* ineme en position j8 modifie de fs^on tres notable 
Taotivite chimiqne da carboxyle. li change en. effet I’etat 
intdrienr da gronpe C*H*.OHaCH. (le styrolene et I’oo-methyl- 
BtyroUne ont des coalears differentes) et par saite oelni de 
la liaison ethylgniqae. Or, comme Tinflaence snr leoarboxyle 
de cette liaison ^thyleniqae est importante, ainsi qa'en 
t^paoigne I’^tade comparative des vitesses de reaction des 
derives cinnamiqnea et hydrocinnimiqnes, 4 tonte modifica* 
tlon de I’utat int^riear de la liaison 4thyleniqne doit corres* 
pondro'nne variation dans I’activite chimiqne de la fonction 
aoide (oa<de ces derives). 

En ce qai regarde I’inflaence sar la reactivite chimiqne de 
la sabstitntion en position oc denx effets se snperposent : la 
modification de I’etat interlenr dn gronpe C'H^CHsGH et 
Taction matnelle de OEP et dn gronpe fonlionnel acide, ces 
denx gronpes etant fixes snr le lueme carbone. 

Et cela expliqne, sans qn’il soit m^cesaaire de faire inter- 
venir la notion d’empechemont steriqne, Taction paralysante 
dn gronpe GH’ soit pins importante lorsqne ce dernier est en 
position o?. 


Vitesses <le reaction. 

En dehors des travaux deja citeS de Sndborongh et de ses 
collaboratenrs snr les vitesses dVtberification des acides 
cinnamiqnes : halogeneS, cyan;:, pht uyl4 nons n'avons tronvo 
anenne recherche snr Totnde de la reactivite chimiqne des 
d4riv4 cinnamiqnes snivaut la position la nature des radicanx 
alcoyles flx^s snr la chame (14). 

(14) Les exp^rlencej de M. Vavon concernant Thydrog- 
^nation des acides methyl et dim^thylcinnamiqnes 
ont port4 senlement snr la mesure do Tactivii4 de la 
liaison <5thyWniqne. Vavon et .Hnsson, C. 72., 

. t. 76, p. 989, 
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Nona ayons mesnr^ loa viteaaea d’^th^rificationa daa aoidea: 
bydrocinnamiqao, cinnamiqne, cx:-m6thyl, )8-m4thyloinnaiiii> 
qnea et oc,.j8-dimethylcinnaiuiqQe, lea viteaaea d’hydrolyae 
dea ^tbera et dea amidea curreapoiAlanta. 

Nona avona pn conatatei, et ceci eat en aecord avec lea 
conoluaiona de Sndborougb concernant lea d^riv^a halog^Q^< 
que, d’ane fagon tout & fait g^u^rale ai I’on compare I’aotivit^ 
desfoncHons acids, ither, amide d'nne part dana la a^rie hydro* 
cinnamique, et d’autre part dana la a^rie oinnamique 
oc>mdtbyl et oc, j8-dim6tbylcinnamiqne, oea prodnita ae 
rangent oomme anit dana I’ordre d’activiM chimique d^croia- 
aante : 

D^riv^a bydrocinnamiquea*^cinnamiquea->j3-m^thyloinnami* 
qnea>> oe-m^tbyloinnamiqnea oc. /3*diui^tbylcinnamiqnea. 

L’aotivit^ cbimiqne dn gronpe oarboxyle, meanroe par lea 
viteaaea d’^tb^rification, eat la plua nette et aana donte anaai 
U plna Int^reaaante pniaqne oette etherification a ete effectnee 
en I’abaenoe de catalyaeur. 

Snr la fig. I aont traces lea courbea qni indiqueut en 
fonction dn tempa, la qnantite d’acide etberifie en chanffant a 
100* nne aolution d'acide k la concentration de ra/100 dana 
I’alcool abaoln en tnbea aceliea. 

En oe qni regarde I’hydrolyae dea ethera et dea amidea, 
lea reanltata obtenna confirment cenx qni concernent lea 
viteaaea d’etberification. Lea differences de viteaaea de reaction 
aont tontefoia moina accentneea anrtont en ce qni regarde lea 
amidea. maia il fant tenir compte de ce qne cette hydrolyse a 
ete faite en presence d’nn catalysenr. 

La figure II contient lea conr bee tracees en portant en 
abacisses lea dnrees de chanffage et en ordonnees la qnantite 
* 0/0 d’ether hydrolyse en chanffant ce dernier en tubes scelleS 
avec nne eolation hydroalcooliqne do 01 11, ' 
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La comparaison des r^snltats obtenaa dansles Series hydro- 
cinnamiqaes e( oinoamiqnes montre combien est importante 
I’inflaenoe do la liaison ethyl<$niqae snr les vitesses de react- 
ion des groupos : COOH, GO.NH*, CO*.CH*.CH». 

Mesures cPabaorption. 

Parmi les composes dont nous avons mesnre Tabsorption 
senls les acides : cinnamique (15). oc-methyl et oe.j8-di- 
methylcinnamiques, (mesnres qualitatives) (16) avaient deji 
tSte etudiees de ce point de vne. 

Des mesnres qnantitatives ont ete effectnees snr Tacide 
cinnamique par V. Henri (17) et par Arends (18). Les resul- 
tats de nos mesnres en ce qni regarde ce dernier acide, sont 
les m6mes qne cenx qni ont ete tronves par ces savants. 

Nons avons etndie I'absorption des substances snivantes : 

Aside cinnamique C*H'OH=CH.CO*H; acide oc methyl- 

cinnamique C*H*CHsC<qjjj ; acide jS methylcinnamique 
0*H®.CH(CH*)aCB,CO*H; acide oc cyancinnamique C*H‘. 
CH*C<q^ ainsi que lea ethers et les amides corres- 
pendants. 

Dans la fig. (Ill) sont tracees les courbes d’absorption des 
acides: cinnamique (1). oc methylcinnamique (2), j8 methyl- 
cinnamique (3). Nous donnons egalement les, courbes du 
styrolino et oc methylstyroienc afin de mettro en evidence 
d’une part I’influonce du groupe carboxyle aur le radical 

(15) K. C. C. Baly et K. Sebaefer, Proc. Ghem. Soc., t. 24. 

p. 207 M. Stobbe Berl, Ber. dtach. chem, Ges., 1925, t, 58. 

p. 2859; 1910, t. 43. p. 504; 1911, t. 44. P. 1289; et 1919, t. 52. 
p. 1021. — Crymble. A. W. Stewart, R. Wright et W. 
Olendimung, J. Chem, Soc. London, t. 99. p* 451. 

(16) Ley et Rincke, Ber. dtsch. chem, Ges. 1923, p. 971. 

(17) Etudes de photochimie, Gauthier-Villars, Paris 1 919, 

p. 1.39. • 

J[18) Arends, Ber, dtsch, chem- 1931, t. 54, p. 1336, 
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G'H'CHsCH (en comparantTaoide cinnamiqne et le styrO' 
Itoe) et d'autre part la modification d’absorption prodnite snr 
le Btyroline par la presence d’tin gronpe m^tbyle en 
position cc. 

L’absorption des Others oc et ^-m^thyloinnamiqnes est 
analogue k celle des aoides. Nona ne donnons pas la courbe 
de ces composes qni sont liquides et dont nous ne pouvons, 
par snite, garantir la paret4. 

Dans la figure IV nous donnons lea conrbes des amides : 

oinnamique (1), oc>m4tbyloinnamiqne (2), /S^m^tbyloinnami'' 
quo (3). 

' Enfin dans la figure V Be trouvent les courbes dn nitrile 
clnnamique (1) de I’acide oc cyancinnamique (2) et celle dn 
cinnamate d’^tbyle (3). 

Nous avons constate que I’introdnction des gronpes GH* 
qui pourtant sont par eux^rngmes incolores dans cette region 
du spectre, modifient la coulenr des d^riv^s cinnamiques. 

Si Ton compare la coulenr des d^riv^s cinnamiques et celle 
des d^riv^s m^thylcinnamiques correspondents, on observe 
que le maximum d’absorption de ces derniers est sitn^ plus 
loin vers I’nltraviolet et possdde nne intensite plus faible que 
les ddrivds non mdtbylds. La modification d'absorption est 
plus Umportante pour les ddrivds j6 mdtbylds quepinr lee 
oc. mdtbylds. 

L'absorption gdndrale diminne done quand on passe d'nn 
ddrivd cinnamiqne (acide, amide) an ddrivii oc mutbyld et de 
oelni'Ci au d drive /3 substitnd, 

L’introdnction en o: d’nn groupe CN modifie fortement 
la position de la bande de I’aoide cinnamiqne; or les nitriles 
GH*(GH®)'iGN n’ont aucune bande d’absorption ddllnie pour 
des longueurs d’onde plus grandea que 2400 A. 

PARTIE EXPERIMENTAL]!!. 

Vitem ^ithirification . — Afin d'dviter antiint que possible 
tonte action secondaire nous avons effeetue rdthdrificat|oq 
4es qcfdes en absence de oatalysenr. 



La m^thode g^n^rale adoptee pour la determination de la 
vitosae d^etherification de chacun dea acides eat la suivante : 

On a dissons 0,01 molecule gramme d'acide pur ( secbd 
dans un dessiccateur pendant troia jours) dans 50 cm^ d’alt ool 
ethylique absolu Eratchement distilie sur du sodium; 5 cm® 
de cette solution fut titree au moyen d’une solution de soude 
0,094 n en prenant comme indicateur la phenolphtaieine. 

On connaisaait ainsi Tacidite de la solution au temps zero. 

• 

La sensibilito de la phdnolphtal^ine, oomme indicateni 
pour oes experiences, fut examinee comme suit: nne qnantite 
connne de I'acide (correspondante k celle qni fnt employee 
dans chaqne experience) fut dissonte dans I'alcool et cette 
solution titree an moyen de sonde 0,094 n. La difference 
entre la qnantite d’acide calcuiee et celle qui fnt tronvee etait 
de I'ordre de 0,075 0/0. 

Ponr cheque experience 9 ampoules contenant 5 cm* de 
la solution d'acide furent scellees ot mises dans un bain d’ean 
bouillante. Apr^s chaque henre do chanffage nne des 
ampoules etait preievee et refroidie dans un conrant d'eau 
glacee. L’ampoule etait ensuite brisee et le contenu tiire 
avec nne solution de soude 0,094 n. 

Vitem d'hydrolyse des e/Asrs.— La methode snivie ponr 
determiner la vitesse d'hydrolyse de chaqne ether fnt la 
suivante: 0,01 molecule gramme d’ether fnt dissons dans 100 
cm^ d’une solution de ClHn/2 alcoolique; 5 cm^ de cette 
solution furent immediatement titres au moyen de sonde ce 
qui donnait I'acidite de la solution an temps zero. 

On introduisit ensuite 5 cm* de cette solntion dans nne 
sdrie d'ampoules qni furent .sceliees, puis plongees dans un 
bain d'eau bouillante. 

AprAs chaqne 1/2 heure une des ampoules etait preievee* 
du bain, ref roidie dans de I’eau glacee; le contenu etait 
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enflaite titr^*avec de la soude 0,094 n en prenant comme 
indioatear la ph^nolphtal4ine^ 

Poor chaqne Bnbstance detix series de meBures ont 6(6 
effecta6eB et leB r6Baltatfl ont tr6s bien conoord6, 

Vitesse d'hydrolyse des amides. — La m6thode ntili86e poor 
mesnrer la vitesse d'hydrolyse des aoides est identiqne a celle 
qni a 6(6 d6orite pour mesnrer la vitesse d’hydrolyse des 
6tber8. 

On dissont 0.01 mol6oale g. d’amide dans 100 cm^ d'nue 
solution de ClHn/2 aloooliqne; 5 om^ de cette solution furent 
titr6s au moyen de soude en pr6sence de rouge congo; 
I'aoiditd de la solution etait ainsi connne au temps zero; 9 
ampoules contenant chaonne 5 cm’ de cette solution 6taient 
plong6e8 dans un bain d'eau bouillante. Apr^s chaqne 1/2 
henre nne ampoule 6tait pr6lev6e, refroidie et l’acidit6 dn 
m61ange 6tait titr6e. Ici encore pour chaqne substance deux 
B6rieB de mesures ont 6t6 effeotn6es. 

Priparatim des ddrivd^ cinnamiques. 

Tons ces composds 6taient d6ji connus et certains d'entre 
enx avaient 6t6 obtenns par diffdrentes m6thodes. 

Nous avons choisi parmi ces m6thodes celles qni 6taient 
snsceptibles de nous donner des prodnits purs exempts de 
substances seoondaires absorbantes. 

Synthhse des addes cinnamiques.—Lea acides cinnamiqnes 
et m6tbylcinnamiqne8 ont 6t6 pr6par6s par la methods de 
Perkin (19); cette derni6re consists a traiter nn aldehyde 
aromatique par nn sel de sodium en pr6sence de I’anhydride 
de cet aside : 

Ar.CHO+R.OH*.CO*Na ^ Ar.CHsCH.CO*Na 

C’est ainsi que pour obtenir I’acide oc>m6thyloinnamiqne 
qons avons chanff6 en tubes scellds pendant. 6 heures i 180° 

(19) Perkin, J. Chem, 8oe., 1877, t. 31. p. 393. < 




mMange de 20 g. d'ald^hyde benzoiqne et de 30 g. 
d’anhydride propioniqne (tons deax fraiohement distill^s) 
avec 10 g. de propionate de aodiom pnlv^rise et soigneuse* 
ment dess4ch^. On verse ensuite le melange dans H*0, pnis 
on chasse 'par entratnement a la vapeur d’ean I’exc^s 
d’ald^hyde. Le r^sidn est ensuite neutralist par CO^Na^ 
filtre a ohaud puis acidnlt par CIH. Aprts avoir 4t6 traitt 
par do noir animal tres pur, I’acide est purifit par des orista* 

llisations rtptttes dans de I’alcool k 95”. 

• 

L’acide j3 mtthylcinnaraique a ttt prepart par saponifioa* 
tion de son tther dont nous traiterons plus loin de la synthese. 

L’acide oc cyancinnamiqne a etc prepart par deux 
intthodes difftrenles ; I’nne d’ellos prtconiste par Fiqnet (20) 
consisto a chauffer an mtlango tquimoltculaire d’aldthyde 
benzovque et d’acide cyanacttique k 120”. On arrete de 
chauffer quand le mtlauge entre en tbullition, on laisse 
refroidir, puis on traite le tout par de I’eau: on entraine a la 
vapeur d’eau, pour tliminer I’excts d’aldthyde benzoique. 
L’acide est ensuite pnriiit comme il vient d’etre dit pour les 
acides cinnamiques. 

Co compost a ttt tgalement obtenu par saponification de 
son ttber dont nous exposerons plus loin la synthtse. En/in 
laeide hydrocinnamu/ue a ttt prepare par la mtthode classique 
qui consiste a trailer nu halogtnure par CNK et hydrolyser 
le nitrile obtenu. 

Synthose dsM eHiem cinnami<iues.-^Le cinnamate d’tthyle a 
ttt prtpart en utilisant la mtthode suivanto : 100 g. d’acide, 
loo g. d'alcool absolu et 20 g. do SO*II‘‘*concentrt (k 94 0/0) 
furent chauffts au bain-marie pendant 7 k S heures. On 
chasse ensuite I’alcool en exces, on ajoute de I’ean au rtsidu, 
on lave la solution tthtrte avec CO*Na^, on la stche sur du 
sulfate de sodium anbydre. Aprts le traitement Rabitnel 
on distille I’l-ther sous pression r^uite G’est an liqnide* 
bonillant^ 130-131” sons 15 mm. • 
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oc-Mithyhimamate (Pithyl6,^'So\x% avonfl employ^ la 
m^thode de Olaisen (81) poor obtenir oet 4ther. On introdnit 
dans an ballon 5 g. de sodinm on fil, environ 100 g. de pro* 
pionate d'dthyle et Ton verse gontte k goutte snr oe mdlange 
25 g. d’alddhyde benzoiqae; on laisse refroidir, on agite de 
temps en temps le mdlange: puis ce dernier eat refroidi 
versr — ' 14*, (mdlange de glace et de GIH) pais abandoopd 
pendant 24 henres a la tempdratnre ordinaire. Apr^s ce temps 
on ajonte 30 g. d’acide aodtiqne oristallisable et de I’ean, on 
dpnise avec de rdther, on lave la solution ^thir^e a I’ean pa\s 
avec nne solution de CO^Na’’, etc... 

L'dther ainsi obtenn eat tr^s soigneaaement fractionne. Le 
rendement en dther pur, distillant 4 150^ sons 15 mm.t est de 
25 g. 

L'ither oc cyanodnnamiqm a dtd prdpard par la m^me 
mdthode en faiaant agir desgoantitdsdqnimoldcnldires d’dther 
cyanacdtiqne et d’alddhyde benzoiqne en presence de sodium 
rndtallique; la tempdratnre ayant dtd maintenue an-dessons 
de 13*. 

Les ithei's j8 mithyl et oc. ^-dim&thylcinnamiquea ont dtd 
prdpards par la mdthode de Rdformasky (22) qni consists k 
faire agir Zn on Mg snr an mdlange d’dther oc halogdne et 
d’alddhyde on de cdtone saivant le cas, et k ddshydrater 
I'dther-sel alcool tertiaire ainsi obtenn, Ges rdactions penvent 
Stre, pour les dthers oc mdtbyl et oc, jS'dimdtbyloinnamiqnes, 
rdsnmdes par le schdma saivant: 

0*H».OO.OH»-|-Br.OHa.COOCaH* 

CH* yOH* 

0‘H*0^ 0H*00O0*H* ^ C«H*cilH.COOCaH» 

^OH 

0*H*.CO.OH*+OH»,BrOH.COOC*H* 

,OH- /OH’ /CH3^CH‘ 

0*H*.C' CH.COOO*H* 0«H*.C=«sC.C0C*H* 

^OH 

(20) FIQGET, BuKL Soe. ehim, (3). t. 7, p. 11; Ann, CMm, 

‘ (6), t. 29. p. 442. 

(21) CLAISEN, Ber. dtich. ch$m. Qea,, 1890, t. 23. p. 978t 




Synth^ des amides dnnamiquea — De fagon tout a fait 
g^n^rale nous ayons pr4pat4 lea amides par action de NH^ 
Bar les ohlorares d’aeidea obtenns enx«memes par action de 
SOGl* (bien pnrifl^) anr lea acidea. 

Lea amides ainai obtenuea k I'^tat d^ji par, ont ^t^ pnrifi^ea 
par oriatalliaations r^p^t^es dans de I'alcool. 


Extratt du BulMin it la Soeielt Ckimigue de France 
4“ ffarie. t. 68, p. 178, 1933, 
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U*— Absorption et Reaetivite Chimiqae do Cortainos 
Qasses D* Amides. 

BT Mme. BaMABT. M. M. NaIK, ET TbITBDI 

Lea reoherchea qae noaa allona expoaer ont poor objet 1’ 
etade de' Is variation de Tabaorption et de la r^aotiviU 
ohimiqne d’nn certain nombre d’amidea d^riv^ea de I’adide 
maloniqne et de I’acide aoetylac^tiqne 

R.NH.CO.CH».CONH2, R.NH.CO.CH .OO.NH.R, 

OH».OO.OH*.CO NH.R, R.NH.CO.CH2.CO*.C*H‘ 

R.N.OO.CHaCO.N (R > C*H*; CH».C6H* (o. m. p.), 

0H»^ ^CH> 

naphtyle oc et jS. 

Dans chaoone de oes snbatancea la fonction amide ^tant 
tide, soit par son carbone, soit par aon azote k des radicanx 
diffdrentSi la rdaotivitd ohimiqne de cette fonotion doit varier 
soivant la nature de radicanx presens. 

Si en effet nous oonaiddrona nne moldcnle R’.OH*.CO.NH.> 
R, I’dtat intdrienr de ohaqne gronpe d’atomes sera fixd par lea 
atomea anxqnels il s’attaohe en sorte qnr tonte variation dans 
la strnctnre de R on de R’ provoqnera nn ohangement k la 
fois dans lea propridtds de GH* et dans celles de la fonotion 
amid Rdoiproqnement tonte variation dans la strnctnre de 
0H2 et de CO.RH doit retentir snr I’dtat intdrienr de R 
et de R. 

Dans oes composds, la rdaotivitd chimiqne dn gronpe 
OH2 vis k vis de certains rdaotifs tela qne S^.Cl^, S.Ol^, S*0- 
Cl*. S02 CIH, SO C12 etc. a dtd longnemen dtndide par I’nn 
de nons et sea oollaboratenrs. (1). 

(1) NAIK JoMrM. Oh$m. 8oe. 1921 p. 379-86 1921 1 19, p. 1231-1242 
NAIE et AYASABB, Joun. Ch$m. Soe. 1922 121 p. 2692- 
2696. NAIEet JADHAY Jour. Ini. Chem. Soe. 1926 III, 
p. 260-272. NAIE et SHAH. Jouru. Ind. Ohm. Soe, 1927, lY 
p. 11-21. BHAT4 Jburn. Ind. Chm. Soe. 1927, lY, p. 426. 
AMIN. Joum. Ind, Ohm. Soe. 1928. Y, p. 580. SHAH Jonru. 
* Jnii. Chm. Soe. 1930 YII, p. III. NAIR; et TRIYEDI. 7o«r». 

fud. Chem. Soe. 1920, pp. 289, » 
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11 a ainsi 4t4 oons(at4 qae amides maloniqaes, oyloao^ti* 
qaes, ac4tylao4tiqaea, r^agissent anr ces reactifs par le groups 
m^tbylinique ea donnank des complexes, et que ces reactions 
s’eflectuenk avec nne facility variable auivant la nature des 
radicaux lies au grdupe m^thyl^nique. 

En particulier, l'4tude du comportement cbimique de ces 
amides vig-4-yis du t^trachlorure de s^Ieuidm a conduit aux 
r4auUats suivanta : si Ton traite soit Tamide •malonique, soit 
une amide monosnbstituee NH*.GO.CH^CO.NH.B par SeOl*. 
on n’observe pratiquement anonne reaction. Maia si Ton 
s'adrease k des amides disubstitu^es R.NH.CO.CH2,CO.NH.R; 
on obtient des combinaiaons a41^ni6es de formule : 

(R.NH.CO.)* 0 a Se = Se ■ C (OO.NH.R)*. 

D’autre part, si Ton olasse les amides etudi^es par ordre 
d’aotivitd croissants avec SeO)*, l*ordre est le suivant : 

R.NH.CO.CH»,CO.NH»,R.NH.CO.CH*.CO.NH.R, 

R.NH.CO.CH*.CO»C*HB • OH».CO.OHaCO.NH.R. 

De plus, lorsque H est nn radical tolyle, I’activit^ de to 
molecule ddcroit quand on passe . du d4riT^ ortbo an d4riv4 
mdta et de celni-ci k Tisom^re para. 

En ce qni regards le mdcanisme de ces reactions la question 
ne semble pas dolaircie de savoir si les amides rdagissent soit 
sous la forme amide vraie soit sons nne forme tautomire, 

Dans tantes, as etudes e’etait en qnelque sorts la variation 
daotirtd cbimique du groups GH> suivant la natures des 
radieanx fix4 snr ce groups qni dtait observed. 

Nous avons entrepris I’dtnde de la rdactivitd cbimique de 
la fonction amide dans ces composds par la mesnre de leur 
Vitesse de saponification, et nous avons ddtermind leur 
absorption dans I’nltra violet. 

Nous avons constatd que la vitesse de saponification pour 
nne mgme sdrie d’amides R*.GH*.GO.NH,R (formule dans^ 
laqoelle R’ represents CQ, R”.NH.GO, GH*,GO,, 
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CO*C^^*) diminue qi^and on passe d’nne amide pour laqaelle 
R est nn alcoyle, k oelle pour laqnelle R est nn aryle. 

D’antre parti pour clutcune de ces series, lorsque R est nn 
radical tolyle, la vitesse de saponification decroit quand on 
passe du diiriv^ ortho an derive m^ta et de ce dernier k 
I’isom^re para et qnand R est nn naphtyle la vitesse de 
reaction ddoroit qnand on passe dn oc naphtyle a I’isom^re j8« 
(exactement comme en ce qni regarde I’action de SeCl* snr 
oes mgmes amides). 

Or TiUnde des vitesses de saponification d’ac^tamides d<e 
formnlea 

yAr 

CH*.CO.NH.Ar et CH».CO.N4 (Ar repr^sentant 

^CH» 


les radicanx ph^inyle, ortho et para tolyle) effeotn^e par I’nne 
de nous avec M.He WOHL, (1) a condnit k des resnltals 
diff^rents. D'apr^s les mesnres faites. la vitesse de saponi* 
fication de ces anilides diminne qnand on passe de I’acetopara* 
tolylamide son isomere ortho, et ceci tant en ce qni regarde 
les amides monosnbstitnees qn en ce qni ooncerne les amides 
disnbstitnees. 

II reste done k tronver les raisons ponr lesqnellea se 
manifest nne telle modification dans le comportement 
chimiqne de ces denx classes d’amides. 

- Des arguments d’ordre chimiqne, (2) (e) anssi qne I’^tnde 
de I’absorption dans I’ultraviolet de certaines amides, ont 
condnit & adettre qne, en solution oes substances se tronvent 
en ,:qntlibre sons les denx formes amide et iminoalcool : 



R.C 


/ 


OH 

“'NH 


(1) Mme BAMABT LUCAS et Mile WOHL C. B. t. IM, 
p. 120, 1933. 

(2) TAFEL et ENOCH, B«r. d, ehm. Ge$., 23, 1890, p. 104. 

Mme BAMABT LUCAS, Mile Laolotre et Anagnostoponloe 
G. B. 1. 189, p. 282, 19». PANTZBCH Bar. d. ehem., Oat., 84 
p, 681, 1931, 
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La proportion des formes en pr^enoe dependant de la 
nature de R, du soWant et, selon la loi de Gibbs et Van 
t’HofE, de la temperature. 

On pouvait penser que la difference dans le oomportemeut 
cbimique des amides ici etudiees et dans oelui des aoet tolyl 
amides etait d&ean fait que les solutions de ces deux classes 
d’amides''contenaient des proportions differentes des deux 
formes : amide et iminoalcool. 

Ponrtant la fait que lea acetatolylamides disubstituees, 
qui ne penvent prendre la forme iminoalcool, se conduisent, 
(vis k vis des des alcalis) comme les acetolylamides mono- 
snbstitn4es, semble devoir dcarter oette hypothese. 

11 parait possible d’expliqner la difference de proprietes 
des malon tolylamides et des acetolylamides, en admettant 
que les amides penvent prendre, on solution, les trois formes 
tantom^res’ aminoalcool ethyldniqne (1); amide vraie (11', 
iminoalcool (III) 

yOH ,,0 yOH 

R* CHsC/ R’ CH2.C^ R’ OH-C^ 

^NH.R ^NH.R ^NR 

(I) (11) (III) 

La proportion des formes on iqnilibre varient natnrelle* 
ment snivant la constitution do R et de R’ et anssi suivant 
la solvant. 

Les amides maloniquos, acetylac^tiques possident un 

groups mpthyleniquo dont les atomes d’hydrogine sont 

partiouli^rement mobiles, ce qui doit faciliter 1 apparition de 
la forme (I). 

On salt d’autre part, que ^introduction dans I’acide qu 
I’amide benzoiqtib d’un groupe CH3 en ortho paralyse par 



CM] 

tlellement raotivit^ de la fonotion amide ou acide; il oat 
done i penser que la diminntion d’aotivit^ du groupe CONH 
dans les orthotolylamideB. d^riv^ea dea aoidea malonique et 
ac^tylao^tiqne, favoriae (igalement I’apparition de I’iaom^re 
(1). Cette hypoth^ae aemble d'aotant plus raiaonnablo, qne 
Ton admet aotuellement que le malohate d’ethylo aode 
poaaide la atrnctqre 


.OC2H« 

OHO.CO.CHsO^ 

^Na 

Ga aorte qae« ai lea amidea peuvent prendre cette forme, 
on doit la renoontrer eu proportion plna {tlevce dana les 
solutions d’ortbotolyl malon imide et d'acetylac^tortho- 
tolylamide. 

Si la forme aminoalcool etbyl^nique reagit avec une 
Vitesse plus grande qne lea autres formes aveo les alcalia, on 
a'explique aia^ment que, pour les tolylamides ici ,<tudi^e8, les 
d6riv4a ortho aient one vitesse de saponification plus grande 
que celle de leors iaom^res m^ta et para, alors qne o’eat 
I’inverse qni se produit en oe qni regarde lea ao^to toluides 
poor leaquelles la forme (I) n’eat gnire a enviaager, tout 
an moina eii quantity appreciable. J.es mesores d’absorptien 
semblent bien confirmer lea vues pr^c^dentes. 

Anenne de ces snbstancea n'avait encore it notre oonuaia- 
sance ^t^ ^tudi^ea du point de vne de Tabsorption. 

Nous avona oonsta^ qne les arylmalonamides .Ar.NECO.* 
OH2.CONH et lea nmlon diaryl amides (Ar.NH.CO)'* aiCH^ 
ont dea spectres tout k fait aemblables, ( compte tenn de la 
diff^ence de constitution dea radicanx Ar, et du fait qne lea 
corps de la premiere a^rie ne contiennent qu'nn groups Ar. ) 
Geci indiqne qne ces amides ont nne mgme atrnctore et que 
si eliea existent en solution ions pluaieurs formes en ^qnilib'.'e. 
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les proportions des formes en presence doivent« pour un 
radical Ar donn^, etre sensiblement les meuies, pour les deux 
series. 

Nous avous d^autre part niesur^ Tabsorption d’une amide 
N disubstitude, la lualoii di ( metliylphdnyl ) amide 

( N CO )’S 0*U‘^ et nous avons constate qu’il exists 

CH V 

wne diffdreoce d*absorption treS importante ( comme dans le 
cas des acdtaiiilides ) eiitre une amide disubstitude cornmu la 
malondi (mdthylphdnyl) amide, et uno amide monosubstitnde 
snr Tazoie telle quo la malondiphdnylamide. Cette difference 
de couleur que il pent etre pestilide par la presence du groups 
CH^ dans la malon di indthylphdnyl amide est telle (forme 
et position des bandes) qu’il faiit admettre que les solutions 
de ces substances contienneiit, tout au moins k Tdtat de 
milange de^ corps ayant des structures diffdrentes. 


Amide N disubstitude est beaucoup plus transparente que 
I'amide N monosubstitude; ses bandes se trouvent plus loin 
dn visible et out une iiitousitd d’absurption beaucoup plus 
faible que celle de Tamide monosubstitude. ( Voir fig. V). 


Si la malon diphdnylamide (et toutes les amides N mono- 
substitudes qui out dtd dtudides ) pent d’aprds sa. constitution 
prendre lea trois formes: amide aminoalcool dthyldniquie, et 
iminoalcoel, et par suite possdder Tun dot* groupe. I, II, III. 
la malondi ( mdthylphdnyl ) amide no pent avoir que lea 
formes amide (I) et aminoalcool dthyldnique (II) formes dans 
lequelles les atonies qui se trouvent fixes directement snr le 
radical aroniatique ne sont lids que par une valence. 


Ar.NH.CsOH (I) Ar.NH.CO.CH^(II) Ar.N=C.CH* 


OH 


N 

OH 


(III). 


Or d’aprds ce que I’on connalt des relations entre 1& 
comleur et la structure des moldcules organiques, les bandes 



d'abBorption de la forme imlnoaloool (III) doivent se tronver 
pins pr^ du visible et poss^der one intensity d’absorpUon 
plas 41ev4e qae our les forme (I) on (II). 

On est insi conduit comme. dans le cas des acetanilides k 
admettre quo la forme iminoalcool est presente dans les 
solutions de malondiphenylamide (et dans toutes les amides 
monosnbstituees) pnisqu'elles ont des spectres qui corres* 
pondent k des structures semblables sans qne Ton pnisse 
tontefois en determiner les proportions puisqne I’on ne 
connait pas la coulenr de cette forme k retat pur. 

D’autre part, si 1 on compare les spectres des solutions de 
I’acetanilide (fig. I conrbe 2) k celni des solutions de la malon- 
phenylamide (conrbe 1), le spectre des solutions de I’aceto* 
paratolnide ( fig. II conrbe 2) k celui des solutions de la 
malonparatolylamide (conrbe 1), on n’observe, entre les duex 
amides dans mettre couple qn’nne faible difference d’absorp* 
tion ce qui correspond a une analogic do structure entre les 
acetanilides et les malonamides. 

Si maintenant, on examine les courbes de I’acetortbo* 
tolnide, fig. II conrbe 4, et de la malonorthotolylamide 
(conrbe 3), on coi'.state entre ces deux substances, une 
difference d'absorption notablement plus importante qne 
dans les cas precedents. II est par suite raison liable de 
panser qne ceste difference d’absorption correspond a la 
presence dans les solutions de malonorthotolylamide, d’une 
substance ayant une structure differente de cellos qne 
possedent soit les acetanilides, soit les malonphenyl on malon* 
paratolylamides. 

En effet, pour nn mgme radical Ar, les acetanilides 
CH».CO.NH.Ar et les malonamides NH*CO.CH*.CO.NH Ar 
ne different dn point de vne de lenr constitution qne par le 
fait qne le CH* des- acetanilides se trouve dans les malon* 
Smides, remplace par NH’‘.GO.CH*. Lorsque le radical 
aromatique Ar, est soi nn phenyle, soit nn paratolyle, cette 
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difference dans la constitution se tradnit par un faible differ- 
ence d’absorption (ce qui est trcs com prehensible puisque 
Tabsorption du gronpe NH’^.CO.CH^ doit rtre petite vis 
& vis de celle du reste de la molecule ), alors que la difference 
d*absorption entre racetorthotoluide et la malonorthotolyl- 
amide est assez importante. Cette difference d'absorption 
doit done etre consideree comma correspondant a une 
difference dans la structure de ces deux amides ce qui 
confirms bien les conclusions auxquelles out conduit les 
tnesures de vitesse do saponification, k savoir que les differ- 
ences entre le comportement optique et chimique des 
malontolylamides, d'une part, et celui des acetyloluides 
d’autre part, peuvent etre attribuees a la presence dans les 
solutions des malonamides de la forme aminoalcool ethyieni- 
que (III) qui pour les raisons enoncees plus haut existerait 
en quantite plus importante dans lo cas des malonorthotolyl- 
amide. 

( Reprinted from the “ Bulletin de la Societe Chimiqus de 
France ” April 1934. 


THE END. 




I— On a Serious Difficulty in Cotter’s Treatment 
of the Quantum theory. 

By D. V. OoGATB. 

According to onr present conceptions the thermal content 
of a monatomic solid is nothing more than the energy of the 
elastic vibrations about their positions of eqnilibrinm of its 
atoms which are arranged in the form of a space lattice. If 
we apply the law of eqnipartition of energy to these vibra< 
fions we find that the mean kinetic energy of an atom is equal 
to its mean potential energy. ‘In the kinetic theory of gases, 
assuming that the molecules of the gas are geometrical points 
endowed with mass exerting no force of attraction or repulsion 
on the neighbouring molecules, we obtain 


_a 

as value for the mean kinetic energy of a molecule of the gas. 
If this expression obtained for an ideal gas can also be taken 
to be its mean kinetic energy in the solid condition then 
the total mean energy in the solid condition of a molecule 
wnold be SRg and the atomic heat of a monatomic solid body 


at constant volume becomes 




3-Bo 


5.96. 


This is the law of Dulong and Petit according to which 
the atomic heat at constant volume of monatomic solid bodies 


has the value 5*96 independently of the temperature. This 
law however has been found to be true only for high tempera- 
tures, the lower the temperature the greater being the 


deviation from the law. 

Now this variation of the specific heat with temperatnre 
has been accounted for by Debye by making use of Planck’s 
Quantum Theory. The Quantum theory denies the equiparti- 
tion of energy postulated by Maxwell, and gives a new law 
of partition of energy. Particular frequencies will be special- 
ly favoured by the solid and will therefore exist in greeted 
Qtrbn^th. Since unit m^ss of the solid contains Natoms eacb 



of tbreo degreos of freedom it pofwesBoe 3N degreeft4)f freedom, 
that is it is capable of vibrating in 3N different ways and 
these most be classified before we can apply Planok’s law. 

Cotter, adapting the treatment of Jeans and Lorentz effects 
this classification in the following manner 

Let the nnit mass of the solid under consideration be in 
the form of a rectangular parallelepiped whose linear dimen* 
sions are p, q and r. The vibrations will consist of trains of 
waves whioh will be reflected at the surfaces so that theangjle 
of reflection is equal to the angle of inoidenoe. If oc, j8, / 
are the direction oonsines of any wave front then the waves 
after any reflection will travel in some one of the eight 
directions whose direction cosines are d: oc, d= j3( ± /• In 
order that no energy may be gained or lost at the surface the 
distance travelled between any two successive reflectionB 
must be some multiple of //g where X is the wave length. 
In his treatment Cotter gives the relations 


2 oc ps^x; 2 jSss/p; 2yr*/« 


where tr, V and z are integers, whence from the relations 
oc^+jS^+Y^sl he deduces the equation • y 

(B* . y* 1 * 

+ ~7a**Tr- 


( 1 ) 


It should be noted that (1) is an equation of the 2nd 
degree. 

But from an examination of the figure (See. L. U. Journal. 
1925, p. 2) it is clear that if PQ be the path of a ‘ ray ' 
travelling from the plane gsOtozsr, and if oc, j8. y 
be the direction cosines and I the length of PQ we have 
obviously 

•j- s y and I ■ 

where z is an integer, 

2r»Xay 

Similarly we shall get 


fipm^xoQ, and 




82 -XVj^ 



tot rays travelling between the other pairs of planes. Hence 
from the relation oc*+j8*+y**»l we deduce the equation 


^ 32 -2 

a»a ■•■p' + 'ia' 


4 


( 2 ). 


This is obviously an equation of the 6tti degree. 

If we substitute this equation in plaoe of (1) in the treat* 
ment as given by Cotter the whole of the subsequent theory 
falls through. 

* As this result is utilized in accounting for the distribution 
of energy in the spectrum of a black body in accordance 
with the quantum theory the difficulty arising here makes 
that investigation also invalid. 


“Scientific Bolshevism” is the name given to the Quantum 
Theory by the physical chemist Lewis. Explanation of the 
variation of the specific heat of solids with temperature and 
the energy distribution in the black body spectrum are two 
of the achievements of this theory. It appears however the 
claim to have explained these phenomena is anything but 
firmly established. 


( Isprlsted fron L. U. Josraal, If21 ) 



' It— A Note on UhrOf^hort Wa^et and Radiation 
from Freo Eleelrono. 

•Br IX Kothau and D. V. CkMiATS. 

Beoently, Prof. Tagi^ baa deaoribed aome ezperimenta 
with a MagnotroQ. He haa anooeeded in prodocing wavea of 
the order of 10 oma and baa given a aemi-theoretioal for- 
mnlai where, oiB velocity of light and f ■‘time taken 

by the electron to move from the filament to the anode. 

He haa, hovrever, given no theoretical diacnaaion regard* 
ing the origin of hia abort wavea -and we are, therefore, 
giving a preliminary explanation. The work aeema to be of 
great importance for it bringa ont aeveral pointa of novel 
intereat. 

In the ordinary oaoillatory cironita radiationa are generated 
beoanae of the oaoillationa of electric charge in a metallic 
condnoting path eonaiating of an indnotance and capacity. 
However, if an electron could be made to deacribe a cloaed 
path in apace with frequency v, it ahonld become a aonrco of 
radiation of thia frequency. It aeema that in Prof. Yagi’a 
ezperimenta we have an almoat direct proof that auch radia- 
tiona are taking place, though Yagi himaelf doea not offer 
any auch explanation. 

The Magnetron ia a diode valve with a cylindrical anode 
and an axial filament placed in a magnetic field acting along 
tiie axia of the cylinder. The field can be adjnated in 
atrength. When the field ia aufflciently increaaed moat of 
the ^eotrona will jnat fail to reach the anode aa they move 
tangentially paat ita aurface. Knowing thia oritioal field 

* 1 Tagi. Pro& Inii Badio Bag., Yd. !«, p. 716, 1988. ! 


VBlae and the anode voltage, elm can be easily oalonlated.^ 
At this oritioal fleld-valne, in the anode cylinder there will 
be electrons moving in a closed path (almost circnlar of 
radius bfZ), and therefore, radiating waves of wavelength.* 

y s 2. 0. t >2 c.t& 

where V a anode voltage and 6 » radios of the anode. 

These waves are impreseed on the oscillatory circuit of which 
the capacity is that between the anode cylinder and the fila* 
*ment. Oscillations are generated in this circnit and so the 
voltage of the anode undergoes slight fluctuations. But a 
slight increase in the anode-voltage above the critical value 
attracts most of the electrons that were previously moving 
only tangentially past it, whereas a slight decrease in the 
anode-voltage does not allow them to reach it. As in the 
critical condition the electrons are moving tangentially past 
the anode, a slight fluctuation in its voltage can attract them 
to it or repel them off from it. Thus the oscillatory current 
in the circnit, because of this reaction increases in strength. 

There may seem one difficulty in this mode of explana- 
tion. From the filament electrons are issuing, and, they will 
be, while describing the closed path in the critical state, 
sources of approximately simple harmonic waves of constant 
amplitude but random phase. Lord Bayleigh’s^ analysis, 
however, of a large number of simple harmonic motions of 
constant amplitude and random phase clears this difficulty. 

In order to verify the above theoretical considerations, 
we are attempting to repeat Tagi’s experiments with a triode. 
As a preliminary, we have repeated the experiments of 

1 D. S. Eothari, Ind. Jour. Pby. p. 486, July, 1928. (The paper 
the description of a laboratory method of detennining e/m 
with a triode valve. Tagi’s arrangements are identical, though they 
were m ean t for another purpose. His curves are of the same form and 
they give aa good values of e/mX 

* Loateit YagL 

* Lord Rayleigh’s Sound. ToL I 
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ddterminiQg ejm and on short waves by B. Majnmdar (/nd. 
Jour. Phy. 1928) Gill and Townsend (Phil. Mag. 1921) and 
others, and have found some interesting results. 

It has been found that in the ejm experiments, the anode 
current which falls suddenly at the critical field value, shows 
a slight increase for smaller values of the field. This incr- 
ease in the anode current is interesting. It seems to be an 
effect of the space-charge, for, the increase obtained is much 
less with increasing anode-voltage, or smaller filament current 
or when the grid is given a positive bias. Theory also 
indicates that an increase in the anode current for small 
values of the magnetic field is to bo expected when space- 
charge is predominant. 

We may also note that in the paper of Mr. B. Majnmdar 
it is stated that the capacity of the anode and the grid as 
measured experimentally by Toahniwal’s method ^ was found 
to be about 40 cms., whereas, if it is calculated from the 
wavelength of the short waves generated (/» 2. ir^^), it 
comes out to be about 6 cms. only. This discrepancy is 
explained if the self-capacity of the wires forming the oscilla- 
tory oircut is taken into account. In calculating the frequ- 
ency of the oscillations this self-capacity becomes a more 
predominating factor than the valve capacity. 

Our best thanks are due to Prof. M. N. Saha for kind 
suggestions and continued guidance. 

Phyiio$ Ikparkma. 

Allahabad Umvernty. 

(Reprinted from The Mian Jonmal of Phyilce, Vol. IV, Part 11^ 


^ 0. B. Toahniwal, Jour. Sci. Insi, July, p; 220, 1926. 


Ul<— Effect «f Direct Current on tfte Fiwinenoy 
of Sonometer \i^e> 

By D, V, Qooatb and Y. Q. Naik 

The maintonance of oaoillations of a sonometer wire by 
the passage of an alternating current through it has been 
studied in detail by Erishnaiyer and others (Phil. Mag., 1922, 
etc.). If, however, direct current of the value of about an 
ampere be passed through the wire, it is found that the 
frequency of the oscillations, for a fixed position of the two 
sonometer bridges, is slightly lower than what it is when no 
current is passing. This effect is best observed by tuning the 
sonometer with an electrically excited fork placed on the 
sonometer board. When the wire is tuned to this frequency 
it begins to vibrate with a large amplitude. These vibrations 
ar'e observed with a low power microscope. If the the direct 
current be now passed through the wire, the amplitude of 
the vibrations is immediately reduced, and can be restored 
again to its original strength by shortening a little the length 
of the wire between the bridges. 

We have verified that this lowering in frequency is not 
due to the heating effect of the current and is also not a 
magnetic effect. This effect can also be observed with an 
ordinary toning fork and wires of any material. 

The quantitative measurements and other interesting 
results will be published elsewhere. 

Phytics Laboratory, 

Paroda College, Baroda, 

(Repri nted from “Nsfsre” May Jl, INR). 



IV^Furthv £xp6rfoienti oo Uhra Short WiiFO<« 
B7 D. V. Gooats akd D. S, Kotbabj, 


Jirtraot. 

The experiments described in this paper are a continnation 
and extenrion of the experiments of Mr. B. Majnmdar.^ The 
effect of conpling two resonance circnits to . the same value 
is also studied and from these measurements the intereleo- 
trode anode>grid capacity of the triode is determined. The 
effect of the self>oapaoity of the wires forming the induct- 
ance of the oscillatory oltonit is also taken into account. 

S. 1. 


The oscillatory circuit used was iike that of Oill and 
Townsend.* A French valve (Anode volts up to 600 Y. Fil* 
Volts 5>5} similar to that used by Majnmdar was used. The 
inductance of the oscillatory circuit was formed by two 
straight parallel bare eureka wires S. W. 0. No. 16, separated 
by about a distance of 7 cms. from each other, the two ends 
at one extremity being connected to the anode and the grid 
pins of the valve (which was held inverted in a clamp) 
respectively and the other two ends bridged by a bye-pass 
condenser (0<003uF). The wave-length of the short waves 
generated was measured on a Lecher wire system coupled 
inductively to the oscillatory circuit, a R. F. milliammeter 
bring used as the detector of the potential anti-nodes. The 
straight wires forming the inductance of the oscillatory oir-; 
ouit were gradually shortened in length, the wave-length of 
the oscillations being measured in each case. It was not 
found possible to reduce the length of the wires beyond a 
certain stage (23 cms. corresponding to X a 3m.) as then the 
oscillations produced were too feeble to be detected, while 
for larger wavelengths a current of about 300 m A. was 
detected at the potential anti-nodes of the Lecher wires. 

* ^ B. Majamdar, Ind. Jour. Phy, 1928. 

9 (}ill airi To^Dsend, Fliil. Mag., 1921. ' 
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It was found that for small changes Alin the length I of 
the indnctanoe wires the wave-length changed by about 4 A 

^-4 (approx.) 

a fact observed previously by Qill and Donaldson.^ 

The circuit nsed is similar in principle to the well-known 
capacity coupled circuit of Col pit* usually represented as 
shown in Fig. 2. ( See for the figures Ind. Jour. Phy, 1930, 
349-354, It will easily be seen that and C, of 
Fig. 2 are replaced respectively by the interelectrode fila- 
ment-plate and filament-grid capacities of Fig. 1. See for 
the figures Ind. Jour. Phy. 1930, 350 ), A rough solution 
of the condition for maintenance of the oscillatione in such 
a circuit can be easily found according to the usual 
method,^ i, e„ 


’** 

where r is the resistance of the oscillatory circuit rp the 
plate resistence of the valve. In the present experiment 
the geometric amplification factor is about 25. 

rp is about 2x10* ohms 

(2 19"* henry 

Oi+Cg 10"i®Farads 

Hence for the maintenance of oscillations r should be less 
than about 10 ohms. Actually, in the experiment r is of the 
order of an ohm. 

The capacity of the oscillatory circuit is formed of (1) 
the inter-electrode capacity between the grid and plate (0«) 
(2) the self-capacity of the straight wires forming the indnct- 
anoe (0). These two capacities are in series and hence the 
effective capacity is 


CC. 


C+C, 


0 


whore » s __ 


1 Qill aad Donaldson, Phil. Msg., 1926. 

s Moreoroft, PrinoipleB of Bsdio Comnonicstion, p. 676. * 

A Bleqtrieal Bngiueera, Pats Book, B B, Wadmore, Tp|. Ill, p 15Q 


th%we]l>kno«nformala!orway«^engthi8 :- 

^“2 ' ••• •#•■ ••• ■•#•• ■ •#• ■ 
where 0 and L are measnred in cms. ‘ 

y ■ - ' * ■ ■ 

Inductance, of a straight wire of length I is ' 

^ iT (8) 




• ••• 


Capacity of straight Ayire of length I .is 
I 


2 logs 


d 


• •• ••• ••• ••• 


where (f is the diameter of the wire. 
Using the above formulsa we have 
4irl 


A ■ 


let ••• ft* ••• 


( 4 ) 


( 5 ) 


. vr+i 

where 22 is the total length of the straight wires forming the 
inductance. ' . . 

From the observed values of '/ and I, x can be calculated 
from the above formula and hence we caii 8nd‘ the value of 
0^ The following table gives these results, 

TABLE I. ■ 


Length 1 cms. 

Wave-length 
/o cm. 


0 . 

. (UB. 

c 

oms. 

630 

. 532 

. 1-21 

.8 26, 

6;80 

69-6 

512 

M3 

7 eft 

- 605 0 

66-6 

600 

102 

7-53 - 

708 

510 

4S0 

078 

688 

; 8-82‘ 

500 

476 

074 

6-76 


430 

412 

072 



; : 

<■ iOOg 


Mean value of 0, the inter-eletrode grid'plate capacity 
s 7.9 cms. Considering the uncertainties altendent .in these* 
^uUra short wave experiments the ^lues of C^ aV^ fairly 
eouBtftut, ' , V 







- - V ' ■ ^ ■ S. 2. ■ 

- resononcfl ctrcMtto. 

A oironit of tho type' shown in Fig. 3 was' triedi ( See 

fptthe ligures Itid. Jour. Phy. 1930 pi 353 ) i. a, it consisted 
in putting on the same valve two resonance circuits which 

were c^ppied to each other through the inter*electrode 
gnd*pla|,s , capacity ’O,. The length of the straight wires. 

forming the two circuits was the same, i, e,, the two circuits, 
were in resonance. Two Lecher wire systems wore used 

whioh; Wjre ^TSSPWtivoly coupled to. each of the; oscillatory 
cirenits,. '.vTrhSi.Waysrlength measured on both the Lecher wire^^ 

was found to be the same (this resplt being true Sven whe.nthe; 
two oscillatory circuits had different natural frequencies) 
and it tvas observed that if one-R. F. milUsmmeter was put 

on each of .the Lep'her wire systems, the maxima located 
and the milliadfmeters kept in that position, the deflection in 

the milliammeters bn the Lecher wire (1) /increased appreci* 
ably when the milliammeter was removed from the Lecher 
wire system, (2) and vice i’crsa; ; these results are .to be 

expected. In the followii^ table is given the wave-length X 

as observed in this case for different lengths 2 of, the straight 
wires forming the ' indnctan'ce. In the second column are 

giveni the Values of i. e., the wave-length when only one 
oBoillatory oiroQit yvas present (as in tho experiment of ly. 
The remaining columns of the table are referred to later. 

‘ TABLE II. ” - 


Length of the 
induotanoe 
wire 1 (eme.)' 


Wave length 
when one osoi> 
liatory cirquit 
is present 
/cm. 

m 

Go the grid- 
plate capa- 
city (cms.). 

; 680 

-420 

632 - 

. 1-40 - 

6*9 • ; 


..- 412 . . •; 

■ ' 612' 

H6 

- e«7 ' ■ 


, 408 

600 ■ " 

tJ.'.' Tf-i : i'- - - 

0-9.3 

“ 7-9 

_ fiio' ”, 

392 . 

480 

006 

rr \ 

.800 

388 : 

... .'..'476. 

. i:P§.. . 

. 6*4.:; .. 




!Fhe theory^ of the oapaottatlve oonpUng of two oironits 
enables ns to interpret the above resnlte. An equivalent 
simplified diagram of the oironit in Fig. 3 is shown in Fi^. 4. 
( See for the figures. Ind. Jour. Phy. 1930 p. 333-334. ) 
The Ca.and 01 of the oirouitdn'Fig. 4 are the self capacities of 
the straight wires forming the inductances of the two 
oscillatory circuits of Fig, 3. La and Li are the respective 
inductances of the two circuits. 


The theory of capacitative coupling of two oscillatory 
oircnits shows that if Wi and w, be the natural frequencies of 
the circuits (1) and (2) respectively, t. e., 

Oa+Co | C6+0o 

OaCo[_|a* * ^CsOol 3 


u>i> 


■J 


... ( 6 ) 

We have the modified frequencies due to coupling 




2 


If tfi =>102 this reduces to 


where k > 






_ 

/(Ca+6o) (Ci+Co) 

If La also equals Li as is the case in the experiment des- 
cribed, then the two values of the frequency are, 

e 

this frequency being independent of Co, 

|8C+Co 


• •• 




LCCo 

La-L6-L 

Oa*OA =®C 


••• ••• ••• (T) 

• •• ••• •••n (8) 


It seems possible that in the experiment only the frequ- 
ency to” will be maintained and to* will be absent, for 
the maintenance of oscillations in the triode does depend 
upon the value of Co while to’ is- independent of it. How- 
ever, supposing that both are maintained and thus present 


« 1 Eleotriosl Engineers’ Data Book, p. 76; (for detailed treatment see 
Kleotrioal Oioillstioni and Bleotrio Wares— PieroeX * 




tml 


simnitaneoiulyi the two frequenoiea will beat i in the nenal 
manner, the net reeolt being a freqnenoy modulated 

by the email frequency 


U’— .the observed frequency when both the oscillatory 
cirouitB are pre8ent->muBt then equal — 

2 


t. e., to < 


r ^ 11+2^1 ,0^ 

r- - 2 L Jl+f] '*'> 

Q 

where x »-^and is the frequency when only one osci- 
llatory circuit is present. 


Now, in every case in these experiments w is observed to 
be greater than or A<Ao- K we try to solve equation (9) 
• tv A 

for X by potting for — = the observed value which is 

/ 

always greater than unity, we find that x becomes imaginary. 
This means, that if in any actual oscillatory circuit w' and w*' 
be both simultaneously present, w cannot exceed, it must be 
less than But as it is found that w >w^ so we are jnsti* 
fied in assuming that it is only w" that is maintained and 
both nf and w" are not present. 

Hence we put, 



It is easily deduced from the equations already given that 
if tbo self-capacity of the wires forming the inductance of the 
oscillatory circuit be not taken into account, we should have 


JfL =i<2_ - v^"-142 
X 


but we get-^»l*26to 1*22 for different values of f. This 

A 

shows that the self -capacity has to be taken into account. 


* Eleotriosl Engineers' Data Book, p 76. 
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In fao^, we can oaloiilate the valne 61 ra«-^from the ob 


served ratio [ eqn. (10) ] and knowing x we oan find 0, 

This is done in colnmns lY and V of Table II. 

Thm these- two different methods of finding G, i: e„ the 
^mpk resonance method of section I and. . the Coupling method 
of section 8 give vcdues qf 0, that are in fair agreement. 

cms. ... (method 1). 

C!,a6>8 oms. (method 2). ’ 

. Moreoroft^ -and others have fonnd. that for ordinary 
valves the grid -anode capacity lies between 3 to 15 cms. 

The results obtaind in these experiments on the coupling 
of two circuits are in accordance with theory and it is hoped 
that a further study of them— the general case when the two 
circuits are not in resonance— will enale ns to understand 
more fully the mechanism of the generation of oscillations 
in a bnode and the theory of coupling itself; 

We wish to eipress our grateful thanks to Prof. M. N*' 
Saha, F,B.S., for his very kind interest and guidance in this 
work. ■ 


(k^gistcd tren Thrladiaa Jearaal of Pbyiici, Vol. iV, Part V.) 


i Bleotrioal Engineers’ Da^ Book, p. 161. 



V— On the Application of die Ultra-short Wave 
Method to the Measurement of Small Capadties 
and INelectric Constants. 

By D. V, Qoqatb, akd D. S. Kotuabi. 

In a previous paper^- we had described some experiments 
on the coupling of two resonant cironits to a triode and from 
a study of these coupled circuits, a method was. suggested of 
determining the inter-electrode grid-plate capacity of a valve. 

* The present paper is divided into three sections. The first 
section deals with .the location and measurement of the 
harmonics that are found to be invariably present along with 
the ultra-short waves. The conditions necessary for maxi- 
mum oscUlations have been studied. 

The general theory of the coupling of two non-resonant 
circuits to the same valve is discussed in the second . section 
and its application to the measurement of the inter-electrode 
grid-plate capacity of a valve is described. 

In the third section is described the application of the 
ultra-short-wave method to the determination of the dielectric 
.constants of certain liquids. 

Sec. I. 

Short - waves were produced by using the oscillatory 
circuit already described in a previous ’.paper.® The valve 
employed was' a French power valve (anode volts up to 600 
and fil. volts 5*5). It was also found possible to use two 
Philip’s receiving valves in parallel in place of the valve, the 
valves 425 giving the best results. Two straight parallel bare 
eureka wires, S. W. G. No. 16, formed the inductance of the 
oscillatbry circuit. These wires were connected, at one ex- 
tremity, to the anode and grid pins of the valve and were 
bridged at the other extremity by a bye-pass condenser A 
lecher wire system coupled inductively to the oscillatory 
circuit was used to measure the wave-length of the short 

J Ind. Jour. Phy., Vol. IV,:pt. 5, 1930, > * 

• * Lie, C«, 
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wavea iwodnoed, a ihermo-milliammeter being employed as 
the deteotor*o( the cnrrent antinodea. - The effept of varying 
the distance of the negative and of the filament wire *w* 
from the grid 'G’ was then tried. To do this, the end *w' 
of the filament wire was moved along the grid«wire GX 
( fig. 1 ) ( See for the figures Ind. Joar. Phy. 1930 p, 418 ) 
and the current intensity was noted by means of a 
thermo>milliammeter ‘M’ coupled inductively to the osoil* 
latory circuit ATXG. It was found that the current intensity 
was proportional to the distance of 'w* from *G’ and became 
constant at the point 'X’ where the grid.wire is joined to the 
condenser. As *w* was moved beyond the point *X’ towards 
'Q' there was no variation in the current intensity, showing 
thereby that the latter became constant from the point 'X’ 
onwards. Similarly, when the end *w’ was taken very 
near *G' the current fell to aero and remained aero even 
when *w’ was moved along the grid*wire ON on the other 
side of *G*. These facts are represented in fig. 2 (See for the 
figars Ind. Jour. Phy. 1930 p. 419). where the straight line 
portion of the curve shows that the current intensity is pro* 
portional to the distance of 'w’ from *G’ for quite a big range. 

It was also found tbat the distance of the end ‘w’ from the 
grid did not affect in any way the frequency of the waves 
produced by the oscillatory circuit. 

In the production of these ultra-short waves it was only 
the fundamentals that were studied in the previous papers, 
the harmonics were however found to be invariably present 
and their location and measurement were consequently 
undertaken 

One method* of studying these harmonics, which is quite 
common, is to connect the thermo -milliam meter to the ends 
of the lecher wires near the oscillatory circuits. By means 

1 Blake and Buppersberg, Phy. Bev., Yol. ZXZII, (1911). 

Blake and Sbeard, „ „ „ (1911). 

H .. « HI. (1914). 

fl ,, ,1 f, |t n IXj ^ (1917). <■ 
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of a piece of bare wire, the lecher wire system is then short* 
circuited at different points along its length and the corres* 
ponding changes in the onrrent noted. This has been done 
and the valnes of current strength are plotted against the 
distance of the short oironiting wire from the milliammeter, 
fig. 3 (A). ( See for the figure Ind Jonr. Phy. 1930. p. 420 ) 
The graph clearly shows the fundamental at the distance 
of 550 cms, accompanied by different harmonics. 

The harmonics were also studied by another method. The 
*thermo*milliam meter was joined in series with one of the 
wire *L* of the lecher system ( fig. 4 See for the figure 
Ind Jour, Phy 1930. p. 421 ) kept inductively coupled 
to the oscillatory circuit by a loop passing round a wooden 
pulley *P' fixed at a short distance above the circuit At 
their extremity, the lecher wires were wound in opposite 
directions upon a cylindrical ebonite rod and weights were 
hung from each end of the wires to keep the latter straight 
By means of this arrangement it was made possible to 
measure the current intensity at every point of the lecher- 
wire system by simply turning the ebonite rod about its axis. 
At a distance of 550 cms. from the pulley, where maximum 
current was noted in a preliminary experiment, the lecher 
wire system was kept short-circuited by a piece of bare wire 
and then by turning the ebonite rod about its axis, the 
thermo-miiliammeter was moved along the length of the 
lecher-wires. 

In this way the current-strength was measured at diffe- 
rent points along the lechor-wire system and a graph 
( fig. 3 B. } ( See for the figure Ind. Jour. Phy. 1930 p. 421 ). 
was plotted with current against distance from- the wooden 
pulley. This graph shows clearly the presence of two chief 
antinodes at the distances of 0 and 550 cms. respectively 
together with the other harmonics that were present. 

Sec. 2, 

The experiments on the coupling of oscillatory circuits 
wpre tried with circuits of different natural frequencies. 

3 



After meafluring the wave-length of the short waves prgdQced 
with one oscillatory oircnit (length of paraljel wires 63 eras.) 
attached to the valve, a second cirenit, whose inductance and 
capacity were different from those of the first circuit, a,, 
which was not in resonance with the first eircuit, was 
coupled to the valve on the other side, fig. ( See. for the 
figure Ind. Jour. Phy. 1930-422 ) and the wave-length again 
measured. The first cirenit was now removed, and the 
wave-length determined with only the second eircuit present. 
This process was repeated with circuits of different natural' 
frequencies, the first cirenit (length of parallel wires 63 cms.) 
beidg kept fixed. In this way different readings w.ere taken 
and the values of wave-lengths obtained have been given in 
columns, 3, 4, and .5 of table I. 

For a theoretical discussion of the coupled circuits let ns 
represent the oscillatory circuit of fig. 5 by its equivalent 
simplified diagram (fig. 6). ( Sec for the figure Ind. Jour, 
Phy. 1930-422 ) 

The Cl and C, of the cirenit of fig. 6 ( See for the fig. 
Ind Jour. phy. 19.’t0 p. 423 ).are the self dap.acities of the 
straight wires forming the inductances of the oscillatory 
circuits (1) and (2) of fig. 5. and are the inductances 
of the two circuits respectively. 

, Let an e. ra. f, be supposed to be introduced atX and the 
t(.tal impedance of the two circuits obtained and equated to 
aero. The solution of the quartic equation in {Z’ thus^obtained 
gives the resonant frequencies of the whole system. 
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Total impedances 


l-w»L»C. 


JCotO-J tti®OoL2C2 + J to02 




+JLjto=0 


( 3 ) 


wjiere »i* 
and 


Ci+^o 


..®L±£o + C2__ . n 

LiL2CiC>0o "■ 


(5) 

( 6 ) 


LiCiCo 

* a. ^2+^0 
T p p 

toi and wt being the natural frequencies of the two circuits 
respectively. 

On solving this qnartic equation, 
we have, 


w 




(7) 


4 


C1C2 


where. A: (0|+Co)(C7+Co) ... (8) 

From the values of wave-lengths given in table I, all the 
frequencies, tv, iVi and can be calculated and then the 
value of Jc can be determined from the above formula. 

The self-capacity of the straight wires forming the oscil- 
latory circuit is. calculated from the relation*.;— 


C = 


I 


(9) 


2 loge 


21 


where, f “length of the wire,' ' 

and diameter of the wire. . 

:.In this way knowing the values of Cj, C,;and k, the 
; value of Co* the inter-electrode grid-plate capacity of the 
yalve can be calculated; from the quadratic equation (8). 
This has been done in table I where the first two columns 
■give the, lengths of the straight wires forming the oscillatory 

oironits., ' Z— 

, I Flei)tri««l Engineer’s Data Book, B. B. Wedmare, Vol. III. 



TABLE 1. 


h 

in oms. 

H 

Wave-length 
with both eir- 
onita present 
/ in oms. 

Wave-length 
with first osoi. 
dronit present 
in oms. 

Wave-length 
with second 
osoi, oironit 
present 
in oms. 

1 

Go in 
oms. 

68 

84 

458 

628 

636 

7-76 


78 

448 

II 


736 

tt 

70 

438 

It 

682 

6-30 

4 

tf 

66 

424 

tl 

648 

6-60 

tl 


416 

tl 

628 

6*90 

s« 


412 

St 

612 

6*86 

II 

66 

402 

It 

476 

6-80 

•1 


386 

tt 

448 

6‘36 


Mean valae of Oo s 6*6 oms. 


It will be seen from the above table that the valaes of Cq 
are fairly constant. It may also be noted that the mean value 
of 03 obtained by this method agrees fairly well with that 
given by the resonance method.^ 


8»o,$. 


Meamrmmt of Dieteobrio Oonriant. 

The method of nltra-short waves was also applied to the 
measurement of dielectric constant. For this purpose the 
circuit of fig< 7 (See for the figures Ind. Jour. Phy. 1930 p. 
426) was used. The wires BB on the right side are bent at 
right angles tA. shown in the fig. The verUoal portions of 
these wires which are equal in length are dipped in a glass 
Vessel in which different liquids whose dielectric constants 
are to be measured may be filled. 

The principle of the method is to measure the change in 
wave-length produced by the change In capacity of the 


' fioe. eM. p. 417 above. 










vertioal portions of the wires when they are dipped in diffe- 
rent liquids. From the change in wave-length thus pro- 
dncedt the dieleotrio constants of the liquids can be deter- 
mined. 


Let k be the capacity of the two parallei vertical portions 
of the wires in air. Then the wave-length of the oscillatory 
cironit is given by : 

X»2»^L(0+Af) ••• (10) 

where, L^induotanoe of the oscillatory circuit, 
and 0« capacity of the oscillatory circuit. 

xa-4»*L(0+*). 

Differentiating, we get, 

2X<iX«>4;v>L(tt; 

or (11) 

2ir*L 

Ali the quantities in the right hand expression of equa- 
tion (11) being known, dk can be calculated. 

Now, if ?*length of the wire dipped in the liquid, 

D -distance between the two dipping wires, 

(f— diameter of the wire. 


then the capacity formed by the two vertioal portions of the 
wires is given by* t 

1 . ‘109* 

“Wo (-r) 

with air as the dieleotrio. 

When the wires are dipped in a liquid of dielectric 
constant $, the capacity is given by;*— 

. 8X*109^ 

.-0(4) 


^ Fleming** Pookot Book* 



change in capacity 


(life -(8-1) 

iogio(Dfd) 


(Li) 


Snbatitnting the value of dk obtained from equation (11), 
8 can be calculated. 


1 , - 109 ^ 

^ Mogio(D/d) 



Length of the wires of the oscillatory circuit 26 oms. 
Distance between the two wires of the osci. circuit 8>5 oms. 
Diameter of the wire 0.123 cm. 

Distance between the two wires dipping 1.0 „ 

Valves used Philips A 425; Two in parallel. 


TABLE IL* 


I)ielectrio 

Length dipping 

Wave-lengfch 

Dielectrio Constant 

Air 

... 

603 oms. 


Kerosene oil 

3*9 oms- 

616 „ 

406 

Petrol 

33 

613 „ 

2-8 


• We are indebted to Messrs. Jaichsndra and B. D. Pant tor these 
observations. 

Calculations 

(1) Kerosene oil. 

... Ijs4f logs (2 D/d) 

dfcs am . =4 X 25 X 2.3 log (17/.12.3) 

2ir2L B492.2cme. 

Again, 

log. - 3 - 

.*. 8*4.06 
(2) Petrol. 

Similarlyt for petrol we get 8^2.8. 
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The experimental procedure can be varied. The R. F. 
milliammeter is kept fixed on the lecher urires and a graph is 
plotted between the lengths of the wires V V and the current 
in the milliammeter. The wires YV are then dipped in the 
liquid and from the change of current in the milliammeter 
which is kept fixed on the lecher wires, the change in the 
capacity of the wires VY is noted by means of the graph 
already plotted This change in capacity gives immediately 
the dielectric constant. This procedure gives more accurate 
fesnlts and is bolter adapted to the study of the temperature 
variation of the dielectric constant which is to form the 
subject of a subsequent communication. 

Our best thanks are due to Prof. M. Saha, F.R.S., for 
kind interest in this work. 

Bamh College ami Allahahad VtuvertUy, 

(RepriSted from The Indian Journal of Pbysici, Vol. V, Part IV.) 


VI-~On the Mensurement of Quantity of Ught by the 
Photo-Electric Cell. 

By D. Y. Qoqatb and D. 8, Kotham. 

The application of the photo-electric cell in the measnre- 
ment of intensity of light is well-known. The present paper 
deals with the use of the cell for the determination of the 
quantity of light. These two uses of the photo-electric cell 
correspond to the use of a galvanometer for measuring current 
and quantity of electricity respectively. 

If a source of candle power (G. P.) be placed at a distance 
r from a coll of area A, the luminous flux received by the 

cell will bo ■ A lumens. If this causes a galvanometer 
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deflection of 3 divisions, then we have, 

K AsScQ ••• 

where So represents the currents sensitivity of the galvano* 
meter and E is a constant. 

It light from the source of candle power (C.P.) be allowed 
to fall on the cell for a time At. then. 

Sja’eK’QaK’AlAt 

where Sg denotes the ballistic sensitivity of the galvanometer, 
a’, the kick observed. Q. the quantity and I. the intensity of 
light. Therefore. 

Sga*ggA At ••• 

The cell used is the Westingbonse Photo-electric cell (Type 
P.A. I^ It consists of a disc of copper oxidised on one side 
by a special treatment to cuprous oxide. 

To test the relation (I) the cell was placed at different dis- 
tances from a 16 volt'<)2 watt lamp and the corresponding 
deflection a in the galvanometer was observed in each case. 
It was found that a nearly constant and we obtained 
for K the value 7 « 5 xl 0 ~e amperes per lumen. 

The relation ( 2 ) was verified by allowing the lamp to fall 
vertically from different heights in front of the photo-electric 
cell and noting the corresponding kicks in the galvanometer. 
For this purpose the lamp was fixed in a thick card-board 
sheet which was allowed to fall smoothly in a vertical plane 
distant about 10 oms. from the photo-electric cell by means 
of pulleys and falling weights. The illumination of the 
photo-electric cell by the falling lamp is maximum when it 
is just in front of it. but even when it is a couple of centi- 
ipetres away from this position, on either side, the cell 
refcives an appreciable amount of li^ht. The “ effective 
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value ” Aasot this range was determined by plotting a graph 
between the steady deflection in the galvanometer and the 
height of the lamp. The area enclosed by this graph divided 
by the maximum value of the deflection gives the value for 
As. The duration of exposure was then calculated from 
the relation. 




As 


where,/ is the acceleration of the system (lamp, weights, etc.) 
and s denotes the height of the lamp from the cell. Thus 
Anally, we have. 


S,9'=K’A 


(O.P.) ^ As 


ca* 


( 3 ) 


Our experiments gave tho value for K’ to be 6x10'* coulombs 
per lumen<seoond. From the known properties of the photo- 
electric cell one should expect this value to agree with the 
value of K in equation (I). Our experiments show that E’ is 
slightly less than E. 


For these experiments the cell was connected directly to 
the galvanometer. We now. propose to introduce an ampli- 
fier in between and then use the cell for measuring tho 
quantity of light in lightening discharge and other similar 
phenomena. 

It may be of interest to note here that the internal resist- 
ance of the photo-electric cell, as given by the makers, is 
1800 ohms. It is, however, found to vary with the current 
passing in the cell. • When tho direction of the current is 
from copper to cuprous oxide (the same as the direction of 


* The eurrent waa always kept lees than about two milli-amps. iq 
aooordaace with the iostractiona of the qianntaotvrers, * 
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the photo-electric current), f the resistance is found to in- 
crease with the current and varies from about 350 to 1700 
ohms. The latter value corresponds to a current of about 
1-5 milli-amperes in the cell. On further increase in the 
current through the cell, its resistance begins to decrease and 
is unsteady. When the direction of the current in the cell 
is from cuprous oxide to copper (the same as the direction of 
the rectified current), f the resistance decreases with increase 
of current and varies from about 300 to 140 ohms, 

> 

Physics Laboratory^ 

University of Delhu 

(Reprinted from The Indian Journal of Physics, Vol. IX, Part V. ) 

VII-Physiccof“SmeU.” 

By D. V, Qooatb and D. S. Eothabt. 

Prof. Bohr in his recent address]; on * Life and Light ' has 
emphasised the peculiar organisation of living beings with a 
view to understanding their essential characteristics. This 
organisation exhibits typical atomistic and quantum traits 
combined with the ordinary mechanical characteristics, in a 
manner having no counterpart in inorganic matter. 

As an illustration of the refinement to which this orga- 
nisation is developed. Prof. Bohr has considered the case of 
the human eye. The eye is an ideal and perfect optical 
instrument inasmuch as its resolving power and its sensitive- 
ness have reached the limit imposed by the wave and 
quantum nature of light. It has been found that the eye can 
be stimulated by a few light quantum (or possibly a single 
light quantum ?). Further the optical resolving power 

t The direction of the generated current in the photo-electric cell 
is trem copper to cuprous oxide, i. e , opposite to the direction of the 
rectified current, when the combination Cu-GugO is used as a rectifi^, 

<]; Natnro, March 25 and April 1 , 1933. , 




(5/d*’) where d ia the aperture of the eyelena in inches) 
and the physiological resolving power ( angle subtended by 
the '* cone ” in the retina at the eyelens ) of the eye are 
almost the same. This perfection of the eye naturally leads 
one to expect that the other organs also may reveal similar 
characteristics, tbe study of which will greatly help in 
establishing the relation between organic evolution and 
physics. 


* A consideration of the construction and function of the 
nose may also afford another interesting example. The 
human nose appears to be very sensative to smell. However 
Physios corresponding to the sensation of smell does not 
exist at all, though physios of the eye and the ear (being 
simpler) has developed so much. 

It is of interest to see whether the sensitiveness of the 
nose has also -reached a limit imposed by the atomic 
character of substances giving rise to the sensation of smell; 
L e., whether the sensation of smell can be excited even when 
there be present a few molecules (or a single molecule ? ) of 
an intensely smelling substance. Any data that might be 
obtained in this connection are bound to be helpful in the 
study of the evolution of senses. It is intended to make 
some tests on this point and we shall bo glad to receive 
information on data concerning this if already obtained. 

(Rcpriated from “ Cnrrest Science ’’ Yol. II, No. i December I9i}.) 
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VIlI<^On die dieory of die Surface^iuioii of 
Liquid Metab. 

Bt D. V. OOOITB AND D. 8. Kothabi. 

It is well-known that the anrfaoe-tension of liquid metals 
is very mnoh greater than that of other snbstanoes. For 
example the surface-tension of An, Pb, Hg etc. is of the order 
of five hundred while for non-metals like snlpbnr, petrol etc. 
it is only about fifty. We have worked out, on the free* 
electron model of Sommerfeld and taking into account the’ 
Oonlomb forces between ions and free-electrons and the 
Fermi Dirac distribution law for electrons, a theory of 
surface-tension of liquid metals. By a straight-forward 
application of the theory, we obtain the formula for surface- 
tension S, 

32 vm mg * \ A ' 4 dT 

Where j8 is a constant, very nearly unity, but its exact 
value is to some extent uncertain; P is the density, A the 
atomic weight, T the absolute temperature, m the mass of the 
electron and the mass of proton. Taking as unity and 
for the present neglecting the small correction due to the 


term — we give below the calculated and observed 

values for a few metals. Better agreement is obtained by 
taking j3*0-9 


Metal 

S (calc) with 
/3«1 

S (calc) with 
J8-0.9 

S (observed). 
Dynes/om. 

Na 

329 

294 

294 

Ag 

924 

825 

800 

Pb 

498 

445 

444 . 

Cd 

781 

697 

630 

‘ Hg 

668 

596 

465 






The observed values are taken from the International 
Critical Tables. It may be noted that these values are not 
very reliable as different observers sometimes give widely 
different results; for example, in the case of Hg, Kaye 
and Laby’s Tables (1932) give a|J)sr Quincke the value 547. 

T dS 

The value of the correction term is uncertain as the 

j Q 

data for are very meagre and even so not available in 
dT 

‘*all cases. To obtain an idea of this correction we take the 
case of Hg whore is found to be nearly 0«4 and so 
will be about 30. 

The above theory also explains some important proper- 
ties of thin films i. e. the electric conductivity of very thin 
films is smaller than the conductivity of metal in bulk by a 
factor of (5-10). The full paper will shortly appear in 
Phil. Mag. 


(Reprinted from *' Science and Cuiture ” Voi. I. No. 3 Anguat I93S.) 
IX— A Note on the theory of Viscosity of Liquid Metab. 


A theory of the viscosity of liquids on simple classical 
lines baa been recently put forward by Prof. Andrade. 
Assuming that the liquid molecules retain sufficient of the 
crystalline character which they had in the solid state and 
possess a frequency of vibration very nearly equal to the 
frequency in the solid state at the melting point, and ,on 
replacing this characteristic frequency in terms of the melt- 
ing point by using Lindeman’s semi-empirical formula, h4 
obtains the formula 



!C 


(AT^)i 

(NV^)| 


5.1x10 


_4(AT^H 


( 1 ) 


where n is the viscosity, A is the atomic weight, N the 
Avogadro’s number, Tm the melting point and Ya the voluipe 
df a gram-atom at the temperature Tm* 



In view of the recent inveitigations* into the properties 
of liquid metals it may be of interest to dednce a 
formula for viscosity of metals in the liquid state in a slightly 
different form. Following Andrade, we take the liquid metal 
near the melting point, as still possessing the lattice structure 
which was characteristic of it in the solid state. The Debye 
or rather Einstein characteristic frequency is, of coure, 
different in the liquid state and in fact, 



Where L is the latent heat. 

If the liquid molecules vibrate with a frequency V we get, 
with Andrade, where I is the average distance 

V 

between the centres of molecules. Putting s n ^ where 
n is the number of molecules per unit volume and /S is a 

constant, n s $ BFmn^. If P denotes the density, A the 
atomic weight and mg the mass of the hydrogen atom, we 

have, 

n = — ^ and n s | BT ( ^ ^ 

If now, we put orvs — 0 ^^ where K repre* , 

sents Baltzmann’s constant, h is Planck’s constant, and 

0 is the Debye characteristic temperature, we get 

na| 3 mg* A(-L)»gi^ ... ( 2 ) 

The values of viscosity calculated from the above formula 
and the observed values of viscosity of certain liquid metals 
for which published experimental data exist are shown in the 
following table 



t »1] 


Liquid metal 

n cal with 

nobs. 

Cd 

024 

>•018 

Hg 

•023 

■021 

Cu 

■032 

038 

Pb 

■023 

•028 


* It will be seen from the above table that the agreement 
between the calonlated and observed values is fair, consider* 
ing the large discrepancies between the values of viscosities 
obtained by different observers and aiso the approximate 
nature of the theory. According to Andrade’s . formula the 
agreement between theory and experiment for the four 
liquid metals Hg, Pb, Sn, and Cn is, no doubt, very satis* 
factory; but this is to a certain extent a chance coincidence. 
As Andrade himself observes, “No great emphasis is placed by 
the writer on the surprising closeness of the agreement for 
the four metals, which is within 10 per cent, or less, for this 
agreement depends upon the exact value given to the 
constant iu formula (1)”. In formula (2) the agreement 
depends upon the value of the constant jS and upon the 
crystal structure of the metal. 

Again, it is more usual and theoretically better to express 
the characteristic frequency in terms of the Debye tempera* 
tnre 6 Las we have done in (2) and not in terms of the melting 
point, as in (1). In this we are also following Mott’s recent 
use in his paper^ on the resistance of liquid metals. 

Baroda CoUege, 

Qujral. 

(Reprioted froin " Science and Caltnre ’’ Vel. I. No. 4. September I9J$.) 

(1) Phil. Mag. 17, 497, im 

(2) Proo. Boy. Soo. 146, 465, 1934, 

• (3) £oe. C’i't, 
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X— The present position regarding the Theories about 
the Nature of Active Nitrogen. 

Br C. R. Dhodafkab. 

In 1900 E. P. Lewis observed that nitrogen could be 
Stimulated by an electric discharge to emit a bright yellow 
glow which continued for some time even after the discharge 
had ceased. He photographed the infra-red portion of the 
spectrum and made a number of spectroscopic observations 
on the glowing nitrogen. Lord Rayleigh, who investigated 
the phenomenon in a more general and systematic way, 
discovered that the glowing gas had remarkable spectroscopic 
and chemical properties and named it * Active Nitrogen 
Active Nitrogen could be produced in a number of ways. 
Eaplan^<* produced it by passing condensed discharge through 
air at 0.5 m. m. Herzberg showed that it was possible to 
produce active nitrogen in which the percentage of nitrogen 
varied from 100 per cent to 40 per cent. Hagenbach and 
Frey showed that glowing active nitrogen could be pro- 
duced by passing condensed discharge through air at 10 m.m. 
The spectra observed by all these authors were the same as 
that obtained from active nitrogen that has been produced 
from almost pure nitrogen. It is, however, our experience 
that active nitrogen, as produced from almost pure nitrogen 
is the most intense. 

It may be mentioned, as a passing remark that a line 

. . . . , spectrum due to the nitrogen atom is 

No tnoUeuM the emttter. , ^ , . 

known, but is not shown by active 

nitrogen. Wien showed the emitting system of . the nitrogen 
first positive bands to be uncharged. He allowed a stream 
of luminous gas to fiow out of a canal tube into a space 
where a vacuum of the order lO'^ to 10~^ m.m. is continu- 
ously maintained by a number of diffusion pumps. In this 
space the gas is allowed to pass between two parallel plates 

r * The presence of a slight imparity is very essential for the pro- 
duetion of active nitrogen, 



«re maintained at a amaii diatanee apart at a oonatant 
difference oI potential. The apeotrnm of the Inminona alit< 
like region ia photographed, Partiolea which are nneharged 
afaowed straight apectral lines, while linea dne to charged 
particleaare bent one way or the other. The Taccnm in the 
Hiace ia ao high that no oolliaion takea place amongst the 
-particles. Further Rayleigh was unable to condense any. 
thing which might indicate the existence of a body such as 
Nj|. It seems fairly certain therefore, that the characteristic 
* luminescence ia emitted by simple diatomic nitrogen mole* 
coles in some unusual State, 

At has been said before, active nitrogen has remarkable 
_ spectroscopic and chemical properties. 

I*" conspicuous features are 

green, yellow and red bands'*; the 
yellow ones, being usually the brightest, give the glow a 
yellow colour. The passage of a weak discharge through 
active nitrogen excites the fourth positive bands, but results, 
as was pointed out by Strutt, in the partial destruction of the 
afterglow. Heat has a peculiar effect on the afterglow. If 
a stream of glowing gas is passed through a tube which is 
moderately heated, the glow is locally extinguished, although 
it is still able to excite sodium atoms to the emission of the 
yellow doublet If on the other hand, it ia 

carried through a tube immersed in liquid air, it glows with 
increased luminosity. Active nitrogen reacts with metals, 
non-metals and compound bodies in a remarkable way. It 
excites the D and sometimes tne green doublet of sodium, 
and also the line spectra of Gd, Mg, Hg, K, Zn, P, Th. It 
ohanges yellow phosphorus to red, forms a transparent 
green deposit with sulphur and reacts with several non* 


a The system of bands referred to are the Ng bands in the 
spectrum of active nitrogen belonging to the First positive 
System 6*v*a A’'Z. See Pr, Jevpp’s Report on Spectre, 
• P.206. • 


metals snch as iodine,; arsenie, etc. The reaetlon vith nitric 
oxide is important; the gases interact with the iSrodnotion of 
a greenish .flamei the evolution of heat^end the formation of 
nitrogen peroxide and nitrogen. It dev elope the ' ban d- spectra 
ofoomponnds when they are vaporised init« giving in many 
cases spectra of snjbstanoes too unstable to b(e examined at the 
tempsratnredof Bonfen 'flame. In fect this simplified develop^ 
ment of the band structure . constitutes. a’ great advantage of 
active nitrogen nver the arc .or the spark in the study of 
.band-spectra. . It is true that the band system developed ip' 
this way often differs considerably; in appearance from the 
same system developed in arc or spark on account of a 
radical change in the intensity disttibnlion as regards both 
the intensity of the lines in each band and the relative 
intensities of the bands of the system. In its interaction with 
other substances, active nitrogen is able to transfer to atoms 
and molecules amounts.of energy up to, but not exceeding, 
9*1 though amounts ';up. to 10«4 volts. may be. transferred 
under certain condition8^. . 

Various theories have been advanced to explain the nature 
of active nitrogen^ and the mechanism of its formation and 
decay, but as yet there is no theory which can explain all the 
characteristicSi the properties, and ’the reactions of active 
nitrogen. The present is an attempt to throw some more 
light on this problem which still awaits a more satisfactory 
solution. ' • 

It has been said above that the presence of some 
impurity is essential for the production of active nitrogen. 
The emission of the .spectrum of the afterglow is one in which 
nitrogen alone is. ooncerned; the impurity simply plays the 
part of a catalytic agent, and is involved in no other way. for . 
the spectrum is identical; whether the impurity is oxygen, 
methane or any other gas. . ' v ; 

•Wo how 'oome to' the consideration of the mechanisni ' b^' 
^’)iioh active nitrogen is produced and suffers deca^. ^^•' 
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havi obTioasly three jpossibltf views before nS;- (a) atomic, 
nitrogen emerges from the discharge and- then recombination 
takes iplaicO to give the molmnles which are at an energy level 
high enoiigh to give the known spe^rnm, (b) nitrogen atoms 
emerge from the discharge and ' in a triple collision that 
follows combine to form a normal molecule, the energy 
involved in the recombihatioh process being ntilised to e 2 (oite 
a third partner, the normal molecule involved in the colli* 
(Sion, to 'a higher energy level, (c)' molecules of nitrogen 
excited in the discharge to a higher energy level are 
* metastable that is.' they have- considerable life and can 
continue to exist for some time after leaving the discharge. 

if' we now asstme (a) to be. the possible mechanism, a 
spectroscopic difficulty arises, in that we should expect a 
o'ertaih amount of contin'nous spectrum as a result of. the 
recombination of free atoms. There is yet another difficulty; 
unless the two atoms meet in a triple collision with a third 
molecule which can remove the' energy liberated in the 
hhion of t^o atoms, there is every reason td' expecithat the 
energy so liberated in the recombination procees would again 
break asunder the newly formed molecnie ' into atoms. I'hus 
if the meohanism'involves the union of atoms into moleonies, 
that recombination can take place only iiji triple collisions. 

One of the main differences of the condensed and the 
1 . nnoondehsed discharge in nitrogen is 

TT^pis.Oolliston, i -d 'i 

the excitation of the fourth positive 
group in the former, the null ( 0, 0 ) band in this group 
requiring abcmt 14«8 volts ibr its excitation* '- In' order to 
obtain active nitrogen in any appreciable, gnantity, it is very 
necessary to use a condensed discharge-. All the known 
fourth positive bands originate on the' D level that has aero 
ae its vihrational quanthm^-' number * . Bands arising on 
iil^her D'le,vels hs^e.iiot been observed,^. suggesting - thM the 
bidding, in this state -- .is so weak . that dissociation 
woours quite readily^ These faots snggested to- Sponer tlm 

1 : — ^ **-,1 - vv -'i . . — , — 

( U ) Dr Jaron’s report C'tt baUd-spectra, p 77. 




following hypothesis^* regarding the nature oi aotire nitre* 
gen. A discharge in which the molecnles are on the brink 
of dissociation should according to Sponer abound' in atoms. 
This and the long life of active nitrogen and its behaviour 
in the presence of catalysts suggest with reasonable certainty 
that active nitrogen is composed of normal atoms and 
molecules. The oharacteristio visible afterglow is emitted as a 
result of triple collision between two atoms and one molecule; 
the energy liberated during the recombination process of two . 
atoms is in many cases sufficient to raise the third partner to 
the vibration level corresponding to quantum number twelve 
of the B state. Dr. Sponer’s estimate of the dissociation 
energy** was 11<5 volts, the energy which is necessary to 
excite these bands. But it is now difficult by her theory to 
account for the afterglow bands, as the work of dissociation 
of the nitrogen molecule has recently been estimated at about 
7>34 voltst (the figure now accepted by all). Secondly her 
theory is unable to explain the exceptional enhancement of 
the abnds corresponding to vibration numbers 11 and 6 in the 
upper B’v state. 

Before we go on to consider the mechanism (o), we will 
just consider the selection rules for electronic transitions for 
band'Systems. They are 

( i ) Change of SsC usually or ±1 less frequently; i. e, 
change of multiplicityxO usually or dsfi leas 
frequently, 

( ii ) Change dl « 0 or drl; Change of Se 0. 

(iii) Ohangb of / for 'emission* electronc 0 or db 1. 

(t). Spouerand Hersberg determined the value, of diesoeiatioa 
energy to be 7*34 volts (Zeits. fnr Phys-Chem 26 B, 1, 1934) although 
the aocnraoy of their resnlt is qneationed by Appleyard, Thomson and* 
Williams (Nature 184, 382, 1984) The figure 7-8 is now strongly sup- 
ported by Maier-Lelbnita and Sponer (Z P 89, 481, 1984), Hnlllken 
(PB, 46, 144, 1984) and Buttenbender and Hersberg (Ann der Pbys,^’ 
91, 677, 1986) and soma of Kaplan's 1984 notes. 



(It) Of the three eoae^vable tranaitions between three 
given eleotronio etatea, all may take place in a 
compound molecule, bnt not more than two in an 
elementary moleonle. 

This extra restriction in the case of elementary molecnles. 
was interpreted by an application of the qnantam mechanics, 
The elementary states of an elementary molecule are classed 
theoretically as ‘even* or “ odd ” according as the sum of the 
• individual 1-values for all electrons is even or odd, exactly as 
in the case of atomic states. Transitions occur only between 
states of opposite character, g n and and u g, and this 
rule, which is exactly the same for atoms, applies rigorously 
to elementary molecnles. The molecule which emits the 
afterglow bands is N„ an elementary moleonle. The N 2 
states X, A, a, 6 and G are classed as X'2g. A’Sn, a* v/n, 
B* v/g, and G’ r/n respectively. The observed system 
C B ( 2nd positive }, B A ( first positive ) and A ^ X 
Vegard’s 2 system, are all according to this selection rule. 
Bnt A is a triplet level, while X is a singlet level. The 
transition A X is very feeble because of the inter-mnltipli- 
city. A is thus a metastable state to a certain extent. 

Further from the Hund theory, we can predipt the lowest 
three terms of atomic nitrogen to be *S, ^D, and *P, where 
*8 term is a normal one, and ’’D and *P are metastable states. 
The difference *8 is found from Hopfield’s data on the 
ionisation limits of N 1 to be 2*37 volts. The difference 
*P— >*8 has been interpreted from the spectrum of 0 li 
and is found to be 3-56 volts. 

Carlo and Kaplan*® considered that beside normal atoms 
and molecules, active nitrogen contains non*vibrating 
metaitable molecules in the A* 2 state corresponding to an 
energy of 8*2 volts* in addition to two kinds of metastable 

* State A S was at that time supposed to have eleotronio 
^energy of about 8*2 volts, bnt has reoently been shown to have only 6gi. 
The state B>w has therefore 7'81 volts. 



MoQU ia *p «ad. .‘P itate ooneap^nding to energliMi of 2*37 
apd 3>$6 vpltfi reapectiToly. They explain the apecial 
enhancement of the banda-oorresponding to qpantpm numbers 
11 and 6 in B* t/ state as a result of oolli8iO:n bstween metast- 
able atoms and the metastable moleonleSi Cor the energies 
necessary to. excite these bands are .very nearly equal to 11*5 
( 8*2 +3*56 ) and 10*5 ( 8*2 •i-2>37 ) volts respectively. With 
this theory the * dark modification ’ which can still excite D 
lines of sodium, the emission of the afterglow bands, as well „ 
as other properties could be satisfactorily explained. 

Assuming that in active nitrogen, metastable molecules 
and mstastable atoms occur at proper concentration, the 
sO'Called resonance effect in the metallic spectra should be. 
expected to occur, that is to say the lines corresponding to an 
excitation energy greater than that of the metastable 
molecules ( 8*2 volts ) will be extremely weak in comporison- 
with those which have their excitation energies equal to ?.*2,. 
2«37, and 3«56, or smaller than 8*2. The more intense the. 
lines appear, the nearer their excitation, energies to 8*2, 2>37r 
3*56,. volts. No special enhancement of such lines was 
observed in the metallic spectra observed by several expert* 
menters. 


.POTASSIUM * 
Line observed 

Excitation energy 

Hemark. 

i2S-^4*P 

3.58 

No special 



enhancement. 

. 2^P-4*P 

3.38 

•8 

'2*P— 3»S 

3.38 

1 . . 

.98 

Oaesium * 

.. l»S-3r»P . 

3.42 

'18 

2*S-6»P 

3.55 

f 9 ' ■ 

4*P^6«D . 

, 3.43. . 

... 99 . .. 

• J?Pr^7»D";;:'- .' 

.... - .3.56 

;.9i'’ .’ *,• 

Mercury * 

1 • 1 . 

^ 

,;,2»I^-2iS 

O' . 

7.89 



• Tbs Soienoe Beports of the Toboko Boiv, ml. 21, No. t, p. 659, ‘4811 ’ 


' ' It is to be eoQcladed from the above th&t ae there h no 
evidence of resonance enhancements, the concentrations of 
snob metastable atoms and molecnles, if they exist at all in 
active nitrogen, is negligible. On the ot^er hand, it is 
geneeally observed that in active nitrogen, lines of lower 
ezcitational energy appear, without any exception, to be 
more intense than thosj of- higher excitational energy, and 
that the deoteasing rate of the intensities of the lines with 
the increase of term number is more rapid in this case than 
*in any other case of excitation. (H, 4, 6). Again the long life 
of active nitrogen which is its important feature cannot bef 
explained by the 'existence of metastable atoms and mole* 
cules. Besides from the results of exhaustive experiments 
carried out by Herzbergi®, Kneser,i Wrede^^ Bay and 
Steiner®^ it is at present* generally accepted that active 
nitcOgen. is Composed of nitrogen atoms and that its main 
prcpertieB are natural consequences of its atomic nature. 

. J, Ohnbo and H. Hamada® accepted Sponer’s hy pothesis 
regarding the nature of active nitrogen, namely that, active 
nitrogen is composed of nornml atoms and molecules. They 
have made, however, two assomptions to explain the 
observed results and properties of active nitrogen. The 
assume in the first instance that in the vibrational states with 
v'*a*8 in the metastable A’s that corresponding to 

V’^fi'in the' upper B’v state, the near-nuclear turning 
points have the same nuclear distance as the nuclear separa- 
tion between the nuclei in the normal moleonlar State. 
Secondly they assume that with the exception of neutral 
unexcited atoms and molecules, 'molecules corresponding to 
quantum numbers 7 or 8 of the metastnble A’s state are the 
most numerous. With these assumptions, they suggest that 
the nitrogen molecules are excited to the required energy 
leveU in two steps, the first being the excitation to the 
metastable A^;^ vy s state and the second to the B’ v c>i and 
B^<r 10 -^.' Most of tho properties of active' nitrogen can theg 
^e explained by this modified vievy, 



It.is however doQbtfol tt the two aaaamptlona made hard 
really the experimental backing they need. The Morae 
function that they have ' used to find the near>naolear 
diatancea givea the valuea very approximately. Secondly it 
will alao be aeen from the diagram ( aee Journal of the 
Univeralty of Bombay September. 19B5 ) that the potential 
energy onrvea for B’ r and A’^ atatea on the left hand aide 
runalmoat ateep and it will be equally accurate to aay that the 
nuclear diatancea for aome quantum numbers other than 8 
for the state and those for some quantum numbers* 
other than 6 for B’r state are equal to the nuclear separation 
of the nuclei in normal state. Further J. Okubo and 
H. Hamada take it for granted that the dissociation energy of 
the nitrogen molecule in the state ia greater than the 
excitation energy for the A’|:ii ^ state. The exact deter* 
mination of these energies is very necessary, since their 
values are nearly equal to each other. Their whole hypo* 
thesis falls to the ground, if it be shown that the energy -or 
the A’S * ia greater than the energy of dissociation. 

0. Oario^*^ who with Kaplan** had assumed the existence 
of metastable molecules and metastable atoms to explain the 
emission bands ef active nitrogen now considers that active 
nitrogen ia atomic in nature and recombination of two normal 
nitrogen atoms to molecules is possible only in triple collision 
Molecules so produced are in an excited metastable state. 
Oollision between two such molecules gives rise to a metast* 
able 'P atom and normal *S atom, or two atoms in the *D 
state and a normal molecule in each case. These metastable 
atoms collide with metastable molecules raising them to 
higher energy levels from which they emit the afterglos^^ 
bands. 

The arguments advanced for the production of metastable 
molecules and metastable atoms are worthy of careful atten* 
tion. Carlo accepts 7>84 volts as the value of the dissociation 
fjherg^ as detormined by Sponer and Herzber^**, and 64^ 



iroUs u the valae of the ground level of the A atate aa againat 
9 and 8*3 volta reapeotively. So far aa the meohaniam of the 
emiaaion of the afterglow ia oonoerned the quantitative data 
dO' not matter, although it may be remarked that the 
aoouraoy of these data ia questioned by some experimenters* 
and Supported by many others. To follow Oario then, two 
normal atoms and one normal molecule meet in a triple 
oollision. In their recombination process, they liberate 7>34 
volts of energy which raises the molecule to A’s ^ o' to 
A’S to". In the latter ease the difference (7>34-6«l4) will be 
used partly by the old and partly by the new molecule to 
change their translation energy. Metastable atoms are pro* 

. duced by collision of two metastable molecules. For a *P 
atom the reaction would be 

Volte. Volts. Volts. Volts. 

6*14 + 6»14 ■ 7*3 + 8»56 + a small part. 
The small amount of energy which remains unaccounted 
for would be used up by a *P atom to change its translation 
or vibrational energies. For a *D atom, 

6.14 + 6.14 - 7.3 + 2.37 + 2.37. 

In this case a very small amount would be left for ohang* 
ing the translation or vibrational energies. 

It will be seen from the above reaotiona that in the 
collision between metastable molecules the number of *0 
atoms produced on an average should be twice as great as the 
number of *P atoms produced. Interpreted spectroscopically 
this means that in the spectrum of active nitrogen, bands 
from B* ir IT « etc. should be more intense than 

those arising from «r ^ etc. This is quite in oontradic* 
tion to the observed distribution of intensity in the afterglow, 
where, bands arising from B* n- bdng the most intense, 
*P atoms must obviously be the more abundant of the two. 
This constitutes clearly a contradiction between experience 
^on the one hand and theory on the other. Oario's present 
hypothesis is s^ill open to the objection that no impact 



i^esdnance in metallio iraponn is experienced, in spiie^f ther 
production of metastable atoms and molecules in the process. 

- It will be clear from the foregoing pages that although 
there is no doubt as to the atomic nature of active nitrogen, 
the special enhancement of the bands arising from B* r toil 
state is still inexplicable. Of the two assumptions made bf 
J. dknbo and H. Hamada, one at least has now the experi- 
mental backing after the determination of dissociation energy 
at 7.34 volts hy Sponer and Herzberg which is greater than , 
the excitation energy for A* 2 ^ * state. As has 
been shoVrn before, their other assumption is still very nnoon- 
vincing, and as such the special enhancement of the bands 
arising from «■ OfH state cannot be explained, as 
’they claim, on the Franck-Gondon principle. We could, 
of course, see from Oario's theory that the bands arising 
fromB’ir *0 11 and: B*ir w « should be more intense than 
those arising from other levels of B’ «- state. But looking 
to the proportion dn which the metastable atoms in tbe 
*P and *D states are produced according to Carlo's theory, 
the bands arising from B* * should be the most intense— • 
a conclusion falsified by experiment. Oario’s theory is still 
open to the objection, that in spite of the production of the 
metastable molecules and metastable atoms in triple collisions 
no impact resonance in metallic vapours is experienced. 

' It has been said in the beginning that the presence of 
‘ ■ . foreign matter is very essentiai 

iMtter jjjg ppQijmjtion gf active nitrogen. 

: It ‘ therefore yet remains to consider 

th'e part t, hue played by the small pi'oportion of foreign gases 
fnits production. We have seen that the afterglow bands are 
due to the Nj mcleciule alonb. ■. The-, impurities play no part 
’ in the. actual light emission process. Their function .must 
therefore be in Bobae tray to accelerate tbe formation of 
atoms intd: excited; molecules ' in the discharge, or to retard^ 
the epbqtaqeoqB reyersic^ of the active nitrogen whipb^ 



th^r abiMnoe, mky be very rapid indeed. The work ol Wood 
and Bonhoeffer in their inyeatigation on hydrogen and the 
proceaa of ohemiinminisoenoe provides ns with a^snitable 
analogy whiohi when applied to active nitrogen, probably 
explains the point in question. Wood and Bonhoeffer have 
shown that in a discharge tnbe filled with slightly impnre 
hydrogen, the gas is completely dissociated in those parts of 
the tnbe which are far from electrodes, and can be pumped 
in a monoatomio form by a fast pump into a connecting tnbe. 
!cbe walls of the tube cause a catalytic recombination of 
hydrogen atoms into molecules, and the impurities in the gas 
such as oxygen etc. act so as to hinder the oatalytiof reoom* 
bination of atoms into molecules by the walls- of the tube. 
The * imparities ’ in nitrogen could have an exactly similar 
effect in preventing the destruction of atomic nitrogen in a 
* useless ' wall reaction. 


SUMMARY. 

1. A short account is given of the properties and pheno* 
mena of active nitrogen and also of the different methods of 
producing it. It is shown that the first prositive system, 
B**-.>A*S is due to N, molecule. 

3. Three possible views of the mechanism by which 
active nitrogen is produced and suffers decay are discussed. 
It is now admitted that active nitrogen is atomic in nature, 
but none of the two theories discussed in the article explains 
convincingly the special enhancement of the bands arising 
from B*ir t^^^state. 

3. An account is given of probable part played by foreign 
matter which is essential for the production of active nitrogen. 
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